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ABSTRACT

Chitin utilization by the cholera pathogen Vibrio cholerae is required for its persistence and
evolution via horizontal gene transfer in the marine environment. Genes involved in the
uptake and catabolism of the chitin disaccharide chitobiose are encoded by the chb operon.
The orphan sensor kinase ChiS is critical for regulation of this locus, however, the
mechanisms downstream of ChiS activation that result in expression of the chb operon are
poorly understood. Using an unbiased transposon mutant screen, we uncover that the
nucleoid occlusion protein SImA is a regulator of the chb operon. SImA has not previously
been implicated in gene regulation. Also, SImA is a member of the TetR family of proteins,
which are generally transcriptional repressors. In vitro, we find that SImA binds directly to
the chb operon promoter, and in vivo, we show that this interaction is, surprisingly,
required for transcriptional activation of this locus and for chitobiose utilization. Using
point mutations that disrupt distinct functions of SImA, we find that DNA-binding, but not
nucleoid occlusion, is critical for transcriptional activation. This study identifies a novel
role for SImA as a transcriptional regulator in V. cholerae in addition to its established role

as a cell division licensing factor.

AUTHOR SUMMARY

The cholera pathogen Vibrio cholerae is a natural resident of the aquatic environment and
causes disease when ingested in the form of contaminated food or drinking water. In the
aquatic environment, the shells of marine zooplankton, which are primarily composed of
chitin, serve as an important food source for this pathogen. The genes required for the
utilization of chitin are tightly regulated in V. cholerae, however, the exact mechanism
underlying this regulation is currently unclear. Here, we uncover that a protein involved in
regulating cell division is also important for regulating the genes involved in chitin
utilization. This is a newly identified property for this cell division protein and the
significance of a common regulator for these two disparate activities remains to be

understood.

INTRODUCTION
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V. cholerae, the bacterium responsible for the diarrheal illness cholera, is naturally found in
the marine environment. In this niche, this pathogen form biofilms on the shells of
microscopic crustaceans. The shells of these organisms are primarily composed of chitin,
an insoluble polymer of 3-1,4 linked N-acetylglucosamine (GIcNAc). Chitin is the second
most abundant biopolymer on the planet, and Vibrio species play an important role in
recycling chitin in the aquatic environment [1]. The pathway for degradation and

utilization of this carbon and nitrogen source is conserved among the Vibrionaceae [2].

In addition to promoting the survival of V. cholerae in the aquatic environment, biofilm
formation on chitin is also important for promoting transmission of this pathogen to its
human host. Indeed, cholera outbreaks are seasonal in endemic areas and closely
associated with blooms in chitinous zooplankton [1]. Furthermore, filtration of water
through sari cloth in these areas (which has an effective pore size that will eliminate chitin
biofilms but cannot filter planktonic bacteria) reduces the incidence of waterborne
transmission [3, 4]. Chitin oligosaccharides also induce natural competence, a mechanism
of horizontal gene transfer, in V. cholerae [5, 6]. Thus, Vibrio-chitin interactions are
important for the persistence, transmission, and evolution of this important human

pathogen in its environmental reservoir.

The expression of genes required for chitin degradation, uptake, and utilization are
regulated by the orphan sensor kinase ChiS [7, 8]. ChiS activity is normally repressed by
chitin binding protein (CBP), the periplasmic substrate binding protein for the chitobiose
ABC transporter [7]. This repression is relieved in the presence of chitin oligosaccharides,
which bind to CBP. ChiS can also be activated, however, by deletion of CBP [7]. ChiS is an
orphan sensor kinase and is not predicted to directly bind DNA. Without a cognate
response regulator, the mechanism of gene regulation downstream of ChiS activation is
poorly understood. One locus regulated by ChiS is the chb operon, which encodes the genes
required for uptake and utilization of the chitin disaccharide chitobiose [8]. Here, we
perform an unbiased screen to identify factors downstream of ChiS required for activation
of the chb operon and characterize one newly identified transcriptional activator of this

locus.
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RESULTS

An unbiased screen identifies SImA as a putative activator of chitin utilization genes in V.
cholerae

To study ChiS regulation of the chb operon, we first generated a Pcx, transcriptional
reporter. As expected, this reporter was activated in a CBP mutant, and this activation was
dependent on ChiS (Fig. 1A). We exploited this fact and used our transcriptional reporter
to perform two independent transposon mutant screens to identify potential activators and
repressors of this locus. To identify repressors, we used a Pcup-lacZ reporter (which forms
white colonies), and screened for mutant blue colonies. Conversely, we screened for
activators by using a Pcu-lacZ Acbp strain (which forms blue colonies) and isolated mutant
white colonies. A positive control for the repressor screen was cbp, while a positive control
for the activator screen was chiS. As expected, both of these genes were identified in their
respective screens, which helped to validate this approach. No additional hits were
identified in the repressor screen, but one hit that we identified in the activator screen was
VC0214, the gene encoding the nucleoid occlusion protein SImA (Fig. 1A). Consistent with a
role in transcriptional activation of this locus, Pcnp is no longer induced in a AsimA Acbp
mutant strain (Fig. 1A and B). To determine if SImA is also required for activation of this
locus under more physiologically relevant conditions, we assessed cbp transcript levels in
WT and AsImA cells when induced with (GlcNAc)e, the chitin hexasaccharide. While this
locus is strongly induced in the WT, there is little to no activation in the siImA mutant, which
is consistent with what we observed when using a chp mutant to artificially activate this
locus (Fig. 1D). Using 5’ RACE, we mapped the transcription start sites (TSS) for the chb
transcript and found that there are two distinct TSSs for this locus. One TSS representing a
longer transcript that is basally expressed in the absence of chitin induction (uninduced
transcript), and a second TSS for a shorter transcript that is expressed when this locus is
induced by chitin oligosaccharides or artificially induced by deletion of CBP (induced
transcript) (Fig. S1). Using primers that are specific to the longer uninduced transcript, we
find that levels of this transcript are induced only 2 to 4-fold when cells are grown in the
presence or absence of (GIcNAc)s in both WT and AsimA cells, indicating that SImA is

specifically playing a role in the activation of this locus at the downstream TSS (Fig. S1).
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The chb operon encodes an ABC transporter that mediates uptake of chitobiose (permease
encoded by VC0618-0619). V. cholerae, however, can also degrade chitobiose in the
periplasm into the chitin monomer GIcNAc [2, 9, 10], which is taken up by a PTS
transporter, VC0995, that is outside of the P.n, operon and whose regulation is independent
of ChiS (Fig. S2) [8]. Thus, deletion of either transporter independently does not eliminate
growth on chitobiose (Fig. 1C). However, upon deletion of both the chitobiose and GlcNAc
transporters, cells are unable to grow on chitobiose as the sole carbon source (Fig. 1C). To
determine if SImA-dependent gene regulation of P.ny was physiologically relevant, we
assessed whether SImA was required for growth on chitobiose ((GlcNAc):) as a sole carbon
source. When we performed this analysis, we found that SImA was required for growth on
chitobiose in a AVC0995 mutant background, which is consistent with SImA playing a
physiologically important role in regulating the chitobiose transporter in the chb operon.
As expected, all strains grew equally well when glucose or tryptone was provided as the
sole carbon source whereas any strains with a AVC0995 mutation were unable to grow on
GIcNAc (Fig. S2). A simA mutant, however, does not phenocopy a chiS mutant. In fact, a
AchiS strain is unable to grow on (GlcNAc); as the sole carbon source, which is not
surprising since this regulator is required for the expression of a number of chitin catabolic

genes in addition to the chb operon [8](Fig. S3).

SImA function has primarily been characterized in E. coli [11-15]. This protein, however, is
well conserved between E. coli and V. cholerae (67% identity, 83% similarity; Fig. S4). To
determine if gene regulation by SImA is a conserved property, we replaced the native copy
of simA in V. cholerae with the gene for simA from E. coli. We found that Ec SImA was able to
activate transcription of Pcnp, albeit, less robustly than Ve SImA, suggesting that this activity

is not unique to the Vc homolog, but is a conserved property of this protein (Fig. 1E).

To further confirm that deletion of simA was responsible for the phenotypes observed on
the Pcny operon, we complemented sImA on a plasmid. As expected, we found that ectopic

expression of SImA was sufficient to recover activation of Pcyp in a AsimA Acbp mutant (Fig.
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1F). As seen previously [16], expression from the pMMB vector used here is leaky and as a
result, basal expression of SImA from this plasmid without inducer is sufficient to activate

Pens (Fig. 1F).

SImA is a direct transcriptional activator of Pchp

SImA is a TetR family protein and binds to a specific and well-defined sequence [12].
Through bioinformatic analysis, we identified one SImA binding site (SBS) in Pcs» based on
the SBS consensus sequence of E. coli SImA (Fig. 2A) [12]. This was further confirmed by a
recent in vitro whole genome binding analysis that identified putative SBSs in V. cholerae

[17].

To determine if SImA could bind to this site, we performed electrophoretic mobility shift
assays (EMSAs) using a probe from Py, that contains the putative SBS. Indeed, we found
that SImA could directly bind to Pcny (Fig. 2B). SImA was previously shown to bind to an
SBS as a dimer-of-dimers [14], which is consistent with the two shifts we observed with the
Pcwy promoter probe (Fig. 2B). As a negative control, we tested binding of SImA to Pnann, an
unrelated promoter that lacks a predicted SBS. As expected, we found that SImA could not
bind to this probe (Fig. 2B). To determine if the putative SBS in P is responsible for the
shift observed in our EMSAs, we mutated 6 highly conserved residues in the SBS. We found
that SImA no longer shifted the P.n, probe when these residues were mutated, suggesting

that this sequence represents a bona fide SBS in the chb promoter (Fig. 2B).

Since we found that SImA could directly bind to an SBS in the chb promoter, we next
wanted to determine if this site is important for the transcriptional activation of this locus.
To that end, we assessed activation of P.pp in a mutant strain where we mutated the SBS.
When the SBS was mutated, we no longer observed activation of Pcpy (Fig. 2A). Promoter
truncations of Pcnp also confirmed that the SBS in this promoter was required for activation
of this locus (Fig. S5). Furthermore, we replaced the native SBS in the P, promoter with
the consensus SBS for E. coli SImA. This alternative SBS was able to support activation of
the locus (Fig. 2A). Cumulatively, these results suggest that SImA recruitment to the Pcpp

promoter via an SBS is required for transcriptional activation. Our previous results
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indicated that Ec SImA supported activation of Pcy, poorly compared to Ve SImA (Fig. 1E).
To determine if this was due to a reduced affinity of Ec SImA for the SBS in Pcnp, we tested
activation of Pcnp containing the consensus Ec SBS in a strain expressing Ec SImA at the
native locus. This strain, however, had similar levels of P.x, induction compared to a strain
with Ec SImA and the native SBS at Pcx, (Fig. S6). Thus, reduced activation of Ec SImA is
likely due to a reduced ability to promote transcriptional activation and not due to reduced

affinity for the SBS.

Above, we showed that SImA was required for regulation of the chitobiose ABC transporter
encoded by the chb operon for optimal growth on chitobiose (Fig. 1C). Deletion of SImA,
however, may have pleiotropic effects. To determine if SImA binding at the SBS in Pcny was
responsible for this effect, we mutated the SBS in the native chb promoter and tested
growth on chitobiose. We found that mutating the SBS in P.ny prevents growth on
chitobiose in the AVC0995 background, which is consistent with this SBS being critical for
regulating the chitobiose transporter in the chb operon (Fig. 2C). These results indicate

that SimA-dependent regulation of Py is both direct and physiologically relevant.

DNA binding, but not nucleoid occlusion activity, is required for SImA-dependent
transcriptional activation of Pchp

The ability of SImA to mediate nucleoid occlusion is dependent upon its ability to dimerize,
bind DNA, and interact with FtsZ. The residues involved in these interactions have been
previously characterized [11-14]. So, we next wanted to dissect which functional
interactions of SImA are required for transcriptional activation of Pcsp. To that end, we
mutated residues in SImA involved in DNA binding (T31, E43), FtsZ interaction (F63, R71),
and dimerization (R173) (Fig. 3A). We then tested these mutants for their ability to
activate expression of Pcy,. We also assessed whether these SImA variants could bind to
DNA using a previously described synthetic SBS-gfp reporter where SImA binding at a high
affinity SBS represses expression of GFP [11]. We used the consensus SBS from E. coli
instead of the native SBS found in Pcs» because SImA binds to this SBS with a higher affinity,
allowing for a more sensitive evaluation of DNA binding (Fig. S7). We also tested the

nucleoid occlusion activity of these SImA variants by overexpressing each and assessing the
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morphology of cells. Overexpression of WT SImA results in a dramatic filamentous
phenotype due to excess nucleoid occlusion activity, whereas alleles deficient in nucleoid
occlusion do not cause this phenotype [15](Fig. S5). Also, we triple-FLAG tagged all SImA
alleles tested at the native locus to assess their expression levels by western blot analysis,
which uncovered that all were expressed at least at WT levels (Fig. S8). Importantly, SImA-

triple FLAG constructs were still functional for Pcnp activation (Fig. S8).

First, we found that the FtsZ binding mutants (F63A and R71D) were still able to facilitate
transcriptional activation of Pxp, although one mutant (R71D) displayed a reduced degree
of activation (Fig. 3B). As expected, these SImA variants were still able to bind DNA (Fig.
3C) and had lost nucleoid occlusion activity (Fig. S9). These results suggest that the
nucleoid occlusion activity of SImA is not required for its ability to act as a transcriptional

activator at the chb operon.

Next, we tested DNA binding mutants T31A and E43A that were previously identified in E.
coli [11], and, surprisingly, we found that these variants were still able to activate
transcription of Pcsp. The T31A mutant was still able to bind DNA as indicated by the
synthetic SBS-GFP reporter (Fig. 3C). The E43A mutant, however, was not able to bind DNA
in this assay (Fig. 3C). Our previous results with the mutated SBS would suggest that SImA
binding to Pcnp is required for activation, therefore, we hypothesized that the E43A mutant
may still have the ability to bind an SBS, however, this may be below the limit of detection
of our DNA binding reporter. To test this, we purified SImA E43A and assessed its ability to
bind Pcnp in an EMSA. Indeed, we found that SImA E43A was still able to bind to this
promoter, although with a greatly reduced affinity compared to WT SImA or SImA T31A
(Fig. 3D and 2B). Thus, these results indicate that while these mutations may eliminate
DNA binding of Ec SImA [11], they may have a limited or reduced impact on DNA-binding of
Vc SImA. Overexpression of these DNA binding mutants indicated that they had lost the

ability to mediate nucleoid occlusion (Fig. S9).

Dimerization of SImA is required for DNA binding as well as nucleoid occlusion [11].

Dimerization requires a charge-based interaction of R173 from one monomer with E163 of
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the other monomer. Swapping the charge of either residue can prevent dimerization [11],
thus we used an R173E mutant to test the role of SImA dimerization. The dimerization
mutant R173E was unable to activate Pcnp. As expected, this variant had also lost the ability

to bind DNA (Fig. 3C) and mediate nucleoid occlusion (Fig. S9).

Next, we sought to identify residues that are required for SImA-mediated activation of Pcpp.
To that end, we performed error-prone PCR of SImA and screened for colonies that had lost
the ability to activate Pcnp-lacZ. We then counter-screened colonies for the ability to bind
DNA using our synthetic SBS-GFP reporter. We screened >15,000 colonies and identified
~500 colonies that were deficient for activation of P.pp-lacZ. In our counter-screen,
however, we found that none of these SImA mutants maintained the ability to bind DNA,
suggesting that DNA binding and transcriptional activation of Pcnp are tightly linked. One
variant identified in this screen was SImA E43K, which is the same residue previously
identified as playing a role in DNA binding [14], however, with a lysine substitution in place
of alanine. We hypothesized that the E43K mutant could no longer bind to DNA, in contrast
to the E43A variant studied above. To test this, we purified SImA E43K and assessed its
ability to bind Pcnp in vitro. Indeed, by EMSA we found that E43K could not bind Pcxp (Fig.
3D). Importantly, this mutation does not simply result in an unstable protein because the
E43K mutant still makes WT levels of SImA protein (Fig. $8). This mutant also lost the
ability to mediate nucleoid occlusion when overexpressed (Fig. $9). Cumulatively, these
results indicate that high affinity binding of SImA to DNA may be required for proper
nucleoid occlusion, while weak binding is sufficient to mediate transcriptional activation of

Pcnb.

SImA is not sufficient to promote activation of Pchp

Thus far, our data suggest that activation of P, requires activation of ChiS, either via
deletion of cbp or induction with chitin oligosaccharides. To determine if SImA is the sole
activator that acts downstream of ChiS we decided to overexpress SImA to see if it was
sufficient to activate Pcnp in the absence of either inducer. Overexpression of WT SImA
results in a dramatic filamentous phenotype (Fig. $9). Interestingly, overexpression of WT

SImA from a chromosomally integrated Pic-SImA construct still induced Py expression in
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a Acbp-dependent manner, even at levels that induced morphological defects (10 uM),
although activation was lost when cultures were induced with 100 uM IPTG (Fig. S10).
Above, we show that the nucleoid occlusion mutants T31A, F63A, and R71D are still able to
activate Pcyp (Fig. 3B), while their overexpression does not result in filamentation (Fig. S9).
Indeed, overexpression of SImA F63A from a chromosomally integrated Pc-SImA F63A
construct still supported activation in a Acbp-dependent manner, however, induction with
100 uM IPTG still prevented activation similar to what was observed with overexpression
of WT SImA (Fig $10). Also, this was independent of any obvious morphological defect,
suggesting that overexpression of SImA at this level prevents Pcny activation independent of

its role in nucleoid occlusion (Fig. S10).

Next, To determine if SImA was sufficient to mediate P.np activation, we overexpressed
SImA T31A, F63A, and R71D mutants with 10 uM IPTG and assessed whether we could
activate Pcyp under non-inducing conditions (i.e. in a cbp* strain grown in the absence of
chitin oligosaccharides). Overexpression of these constructs, however, did not result in
activation under non-inducing conditions (Fig. S11). Cumulatively, these results indicate
that the repression of ChiS by CBP plays a dominant role over the activity of SImA as a
transcriptional activator of Pcnp. This is consistent with a model whereby another, as yet
unidentified, protein acts downstream of ChiS and is required for coactivation of this locus

along with SImA.

Since overexpression of SImA F63A with 100 pM IPTG inhibited Pcnp activation, we decided
to test whether this phenotype was the result of excess SImA protein, which titrated away a
putative co-activator from the P, operon. To that end, we overexpressed ChiS, which
might enhance the expression / activity of this putative downstream coactivator.
Interestingly, ChiS overexpression at 10-1000 puM also prevented Pcn activation, albeit, not
to the degree of SImA F63A overexpression (Fig. S10). ChiS overexpression, however, did
not rescue the loss of Pcnp activation when SImA F63A was overexpressed (Fig. $10). The
lack of increased P, expression over the native levels in the presence of higher levels of
ChiS and/or SImA indicate that neither protein is limiting and that native levels of these

proteins are sufficient for maximal activation of Pcpp.

10
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Sequence specificity between the SBS and induced promoter for Pcny, activation suggests a
possible coactivator-binding site

The transcriptional regulator cAMP receptor protein (CRP) binds to a specific DNA
sequence in the presence of cAMP, allowing for activation or repression of target genes.
One turn of B DNA is approximately 10 bp, and moving the CRP binding site in
denominations of 10 bp proximally or distally from the promoter maintains transcriptional
activation of genes regulated by CRP by maintaining the helical phase of the CRP binding
site in relation to the promoter [18, 19]. Conversely, moving the CRP binding site in
increments of less than 10 bp places the CRP binding site out of helical phase with the
promoter and therefore prevents activation by disrupting proper interaction with RNA

polymerase (RNAP).

We tested whether there was helical phase-dependence for SImA-mediated activation of
Pcnp by a similar mechanism. We found that moving the SBS as little at 3 bp or as much as
12 bp resulted in a significant decrease in Pcpp activation (Fig. S12). Constructs in which the
SBS was moved to maintain the helical phase (i.e. in increments of 10 bp) were also unable
to promote robust activation, indicating that SImA may not activate transcription by direct
contact with RNA polymerase in a mechanism similar to CRP (Fig. S12). This is in line with
the distance of the SBS from the TSS, 167 bp, which makes it unlikely that SImA directly
interacts with RNAP to activate transcription. This supports the hypothesis that a

coactivator may bridge SImA and RNAP to mediate activation of this locus.

Next, we assessed whether there was sequence specificity for activation of Pcnp in the
region between the SBS and promoter element for the chitin-induced TSS. We hypothesized
that if a coactivator was required for expression, there may be sequence specificity within
this region, while if no coactivator was required, maintaining the spacing between the SBS
and TSS may be sufficient to support activation. We tested this by replacing the region
between the SBS and the -35 signal with the same number of nucleotides from an
intergenic region of the lacZ gene (Fig. 4). The activation of this reporter was abolished

after swapping the native sequence with lacZ sequence (Fig. 4), indicating that sequence

11
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specificity within this region may be required for activation. Furthermore, truncation
studies indicated that elements necessary for activation include the SBS, TSS and
intervening regions (Fig. S5). Also, a bioinformatically determined hairpin exhibits some
inhibitory activity (Fig. S5). Together, these data are consistent with a model whereby the
region between the SBS and TSS contains a coactivator-binding site required for Pcup
induction. There are, however, a number of alternative models that can account for the

results obtained, which are addressed in the Discussion below.

Finally, we were interested in determining which sigma factor was required for activation
of Pcnp. To test this, we inactivated every non-essential sigma factor (RpoN, RpoS, RpoE,
RpoF, and RpoH) in V. cholerae and assessed transcriptional activation of Pcy,. We observed
activation in all mutant strains, suggesting that the essential housekeeping sigma factor
RpoD likely plays a dominant role in Pcy, expression (Fig. S13). The degree of Pcpp
activation, however, was reduced in the rpoE mutant, suggesting that this sigma factor
either plays a minor role in activation of this locus or that RpoE is required for proper
expression or folding of the GFP reporter. Additionally, we observed an increase in
expression in the rpoS mutant, suggesting that this sigma factor may play a role in the

expression of some upstream repressor of this locus.

DISCUSSION

Here, we show that the cell division licensing factor SImA is required for activation of
chitobiose utilization genes in V. cholerae. We show that this regulation is direct because
SImA binds to P, the promoter that regulates these genes. Furthermore, we demonstrate

that this direct regulation is required for growth of V. cholerae on chitobiose.

While we show that SImA is a direct activator of P.np, the exact mechanism of activation is
still unclear. We have shown that the location of the SBS within P is important for
activation. Additionally, we show that the sequence between the SBS and the -35 sequence
is required for activation, consistent with this region harboring a coactivator binding site.
Because the SBS is located 167 base pairs away from the TSS, it is unlikely that SImA

directly interacts with RNA Polymerase to mediate activation. We also explored the
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possibility that SImA binding may occlude a repressor binding site thereby allowing for
activation of Pcpp indirectly. We formally tested this hypothesis by performing a Tn mutant
screen for repressors in a AsimA Acbp Pcnp-lacZ reporter strain, however, this screen did not
identify any putative repressors (~70,000 mutants visually screened). As a result, we
propose a mechanism in which SImA requires a presently unknown ChiS-dependent
coactivator for activation of Pcnp (Fig. 5). A candidate for this unknown factor was not
identified in the Tn-mutant screen for activators that identified SImA. This screen, however,
may not have been saturating or, alternatively, this factor may be essential for viability or

masked by genetic redundancy.

Because ChiS is an orphan sensor kinase, the most logical coactivator would be a cognate
response regulator. However, it has been shown that the conserved histidine and aspartate
residues of ChiS that are critical for autophosphorylation and phosphorelay activity,
respectively, are not important for activation of Pcss [20]. Thus, while the identity of the
regulator that acts downstream of ChiS remains unknown, we believe it is unlikely to be a
classical response regulator. It is possible that this coactivator bridges SImA and RNA
polymerase to mediate transcriptional activation (as depicted in Fig. 5). Alternatively, it is
possible that the coactivator bends or structurally alters DNA in the chb promoter to
enhance SImA-dependent recruitment of RNA polymerase. Identifying and characterizing a

putative coactivator for Pcs that acts downstream of ChiS will be the focus of future work.

Another possible mechanism of activation is that SImA directly interacts with RNA
polymerase through its ability to polymerize and spread on DNA [14]. We have two results,
however, that diminish this as a likely model for activation. First, we show that moving the
SBS as little as 3 bp in either direction within P, abolishes activation (Fig. S7). If DNA
spreading were critical we would predict that this perturbation should have a limited effect
on transcriptional activation. Further, we have shown that overexpression of SImA can
actually decrease Pcpp transcription, which again would not be predicted by a DNA

spreading model (Fig. S10).
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We have shown that there are two transcriptional start sites for the chb locus. The short
transcript is strongly induced in the presence of chitin oligosaccharides, while the long
transcript is basally produced in the absence of chitin and is only modestly induced in its
presence (2-4 fold). This indicates that there may be an additional level of regulation
involving the 5’ untranslated region (UTR) of the chb transcript. A putative hairpin in Pepp
also seemed to have some inhibitor effect on Pcyy expression (Fig. S5). It is possible that the
long transcript and hairpin play an important role in the basal expression of the chb

operon, which is required for a rapid response to chitin oligosaccharides.

TetR proteins are generally transcriptional repressors, however, there are examples where
these proteins can mediate transcriptional activation. One well-studied example is the
LuxR protein in Vibrio harveyi (also known as HapR in V. cholerae and SmcR in Vibrio
vulnificus) [21, 22]. SImA is primarily characterized as a TetR family cell wall licensing
factor and here we describe its additional role as a transcriptional activator. It has been
hypothesized that transcriptional regulatory proteins arose from nucleoid-associated
proteins [23]. Their role in binding DNA to properly structure the nucleoid may have
evolved to aid in transcriptional regulation by contributing to the rearrangement of DNA
structure at promoter regions [24]. One such example is integration host factor (IHF),
which binds DNA and results in dramatic DNA bending (bend angle of ~120°), which can
promote activation of regulated genes. SImA binding results in subtle bending of DNA
(~18°) [14]. Thus, SImA may have evolved from a protein that structures the nucleoid into
a cell division licensing factor as well as a transcriptional regulator. Additionally, since
SImA carries out both nucleoid occlusion and transcriptional activation, it is possible that
these two activities affect one another. As a result, co-option of SImA for regulation of Pcup
may be a mechanism to integrate the cell division status of the cell with activation of chitin

utilization.

To our knowledge, this is the first example of gene regulation by a nucleoid occlusion
protein. A recent in vitro whole genome binding analysis identified 79 putative SBSs in V.
cholerae [17]. We determined that ~25% (20/79) of these putative SBSs are in intergenic

sites (including the one in Pcup), while only ~12% of the genome constitutes intergenic
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sequence. By contrast, in E. coli, ~8.3% (2/24) of SBSs are in intergenic sites [12] and
~11% of the genome is intergenic. Also, analyzing binding sites for Noc, the nucleoid
occlusion protein of Bacillus subtilis, ~12% (9/74) of binding sites are intergenic [25] and
~11% of the genome represents intergenic sequence. By contrast, for binding sites for the
terminus macrodomain proteins MatP (known as matS sites) ~24% (6/25) are in
intergenic regions [26]. Thus, it is possible that enriched binding of nucleoid-associated
proteins at intergenic regions (as is the case for matsS sites in E. coli and SBSs in V. cholerae)
is because these sites are more flexible in regards to accommodating mutations compared
to coding regions of the genome. Alternatively, SBSs may be enriched in intergenic sites in
V. cholerae possibly to regulate the expression of additional genes. This will be the focus of
future work. Preliminary RNA-seq analysis of a sSimA mutant grown in rich medium,
however, did not uncover any additional loci regulated by SImA in V. cholerae. An effect of
SImA on gene regulation at P.n», however, was only uncovered by deletion of CBP or growth
on chitin (both of which induce this locus). Thus, it may be that additional inducing cues are
required to uncover a role for SiImA-dependent regulation at additional genetic loci.
Nucleoid occlusion factors are present across diverse bacterial genera and it is tempting to
speculate that these proteins may also participate in regulating gene expression in addition

to their established roles in cell division licensing.

MATERIALS AND METHODS

Bacterial strains and culture conditions

V. cholerae strains were routinely grown in LB medium and on LB agar supplemented when
necessary with Carbenicillin (20 or 50 pg/mL), Kanamycin (50 pug/mL), Spectinomycin
(200 pg/mL), Trimethoprim (10 pg/mL), and/or Chloramphenicol (2 pg/mL). For growth
on a defined carbon source, strains were grown in M9 minimal medium containing the

indicated carbon source.

Transposon mutagenesis
Transposon mutant libraries were generated with a CarbR mini-Tn10 transposon exactly as
previously described [27]. Briefly, the transposon mutagenesis plasmid pDL1086 was first

mated into the Pcwp-lacZ or Penp-lacZ Acbp reporter strain. Transposition was induced by
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plating cultures on Carb containing media at 42°C. To screen colonies, plates also contained
40 pg/mL X-gal and 5 mM IPTG. IPTG was added to competitively inhibit the basal activity
of the Pcnp-lacZ reporter. This made it easier to distinguish colonies where the locus was

uninduced (e.g. Pcnp-lacZ) from when the locus was induced (e.g. Pcnp-lacZ Acbp).

Generation of mutant strains and constructs

The parent strain used in this study was E7946 [28]. Mutant constructs were generated
using splicing-by-overlap extension PCR exactly as previously described [29].
Transformations and cotransformations were carried out exactly as previously described
[30]. Mutant strains were confirmed by PCR and/or sequencing. The SImA expression
plasmid was generated by cloning the WT SImA gene (VC0214) into the Ndel and BamHI
sites of a His expression vector (pHis-tev). Untagged SImA was also cloned into the EcoRI
and BamHI sites of the [IPTG-inducible expression vector pMMB67EH. Site directed mutants
of SImA were subsequently generated from these constructs using parallel single primer
reactions exactly as previously described [31]. All plasmid inserts were confirmed by
sequencing. Error prone PCR of SImA was carried out exactly as previously described [32].
A detailed description of mutant strains and primers used in this study are outlined in

Table S1 and Table S2, respectively.

Measuring GFP fluorescence

GFP was measured exactly as previously described [33]. Briefly, strains were grown at 30°C
overnight, washed, and resuspended in instant ocean medium to a final ODsoo of 1.0.
Fluorescence was determined using a BioTek H1M plate reader with excitation set to 500

nm and emission at 540 nm.
5"RACE
The 5’ end of transcripts were mapped using the SMARTer 5’/3’ RACE kit according to

manufacturer’s instructions (Takara). The primers used are listed in Table S2.

Growth Curves
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Cells were grown in M9 minimal medium in the presence of 0.2% of the indicated carbon
source at 37°C. Growth was kinetically monitored by measuring ODeoo on a BioTek H1M

plate reader.

Quantitative reverse transcriptase PCR (qRT-PCR)

RNA was isolated from cells using an RNEasy minikit according to manufacturer’s
instructions (Qiagen). RNA was reverse transcribed using AffinityScript QPCR cDNA
Synthesis Kit (Agilent). Quantitiative PCR was performed using iTaq Universal SYBR Green
Supermix (Bio-Rad) with primers specific for the genes indicated (primers are listed in

Table S2) and the reaction was monitored on a Step-One qPCR system.

Electrophoretic Mobility Shift Assays (EMSAs)

EMSAs were performed essentially as previously described [29]. Briefly, probes were made
by PCR. In the reaction we included Cy5-dCTP at a level that would result in incorporation
of 1-2 Cy5 labeled nucleotides in the final probe. Binding reactions contained 20 mM Tris
HCl pH 7.5, 100 mM KCl, 1 mM DTT, 5% glycerol, 0.1 mg/mL BSA, 0.1 mg/mL salmon
sperm DNA, 2 nM Cy5 labeled DNA probe, and SImA at the indicated concentrations in a 20
uL reaction volume. Reactions were incubated at room temperature for 30 minutes. Then,
glycerol was added to a final concentration of 15% and 18 pL of each reaction was loaded
onto a 5% polyacrylamide 0.5x TBE gel. The gel was run at 150V for 40 minutes in 0.5x
TBE. Gels were imaged for Cy5 fluorescence on a Typhoon-9210 instrument or a BioRad

ChemiDoc MP Imaging system.

Western blot analysis

Cells were grown to mid-log in the presence of IPTG as an inducer where indicated. Cells
were pelleted, resuspended and boiled in 1X SDS PAGE sample buffer and separated by
polyacrylamide gel electrophoresis. Proteins were then transferred to PVDF and probed
with rabbit polyconal a-FLAG (Sigma) or mouse monoclonal a-RpoA (Biolegend) primary
antibodies. Blots were then incubated with a-rabbit or a-mouse secondary antibodies
conjugated to IRdye 800CW as appropriate and imaged using an Odyssey classic LI-COR

imaging system.
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Microscopy
Cells were grown to mid-log in LB medium and then mounted on 1% agarose pads. Cells

were imaged using an Olympus [X83 phase contrast microscope.
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FIGURE LEGENDS

Figure 1 - SImA is required for transcriptional activation of Pcny. (A) GFP fluorescence was
measured in the indicated strains, all of which contain a Pcus-gfp transcriptional reporter.
Statistics shown indicate that samples are significantly different from the “Acbp” sample.
(B) Transcription of Pcnp was schematized on X-gal-containing media in the indicated
strains, all of which contained a Pcup-lacZ transcriptional reporter. (C) Growth curves of the
indicated strains in M9 minimal medium containing 0.5% chitobiose as a sole carbon
source. (D) gqRT-PCR of the chb short transcript was measured in WT and AsimA cells
grown in the presence or absence of (GIcNAc)e. (E) GFP fluorescence was measured in the
indicated strains, all of which contain a Pcus-gfp transcriptional reporter. (F) GFP
fluorescence was measured in a Pcnp-gfp AsimA Acbp strain harboring either an empty
vector (pMMB) or a SImA expression vector (pMMB-SImA) grown in the presence or
absence of 5 uM IPTG. Data in A, D, E, and F are shown as the mean + SD and are from at
least three independent biological replicates. Data from B and C are representative of at

least 2 independent experiments. *** = p<0.001, NS = not significant.

Figure 2 - SImA is a direct transcriptional activator of Pchy. (A) Promoter map of Pepp
showing the SBS and the TSSs mapped in the presence (induced) and absence (uninduced)
of chitin. “WT SBS” represents the native P, sequence, “E. coli SBS” indicates that the
native SBS was swapped for the consensus SBS from E. coli, and “mutated SBS” indicates

that the 6 highly conserved residues in the SBS were mutated. SBS sequences for the
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indicated mutants are shown in bold text and the 6 most highly conserved residues of the
SBS are underlined. GFP fluorescence was measured in strains harboring the indicated
mutations in the Pcnp-gfp transcriptional reporter. The cbp status of each strain is indicated
by a “+” (cbp intact) or a “A” (Acbp strain background). Data are shown as the mean + SD
and are from at least three independent biological replicates. (B) EMSAs performed with
purified SImA and the indicated promoter probes. The two Pcny probes were incubated with
(from left to right) 0 nM, 7.5 nM, 15 nM, 30 nM, 60 nM, 120 nM, 240 nM, or 480 nM SImA.
The Pnann probe was incubated with 0 nM or 480 nM SImA. (C) Growth curves of the
indicated strains in M9 minimal medium containing 0.5% chitobiose as the sole carbon

source. Data from B and C are representative of at least 2 independent experiments. *** =

p<0.001, * = p<0.05, NS = not significant.

Figure 3 - DNA binding, but not nucleoid occlusion activity, is required for SImA-dependent
transcriptional activation of Pcnp. (A) Schematic of SImA depicting residues mutated in this
study. T31 and E43 are predicted to interact with DNA, F63 and R71 mediate FtsZ
interactions, and R173 is required for dimerization. (B) GFP fluorescence was measured in
strains containing a Pcup-gfp reporter and the indicated site-directed mutations in the
native copy of sImA. Statistical comparisons are made to the “WT Acbp” sample. (C) GFP
fluorescence was assessed in strains harboring an SBS-gfp reporter that is a readout for
DNA binding and contain the indicated site-directed mutations in the native copy of simA.
Statistical comparisons are made to the “AsImA” sample. (D) EMSAs performed with the
WT Pcny probe or the negative control Pyann probe incubated with (from left to right): 0 nM,
240 nM, 480 nM, 960 nM, or 1920 nM of the indicated SImA mutant protein. Data in B and C
are shown as the mean * SD and are from at least three independent biological replicates.
Data from D is representative of at least two independent experiments. *** = p<0.001, NS =

not significant.
Figure 4 - Sequence specificity between the SBS and induced promoter for Pcb activation. A

112 bp fragment of Pcnp-gfp (from -162 to -50 bp) was swapped out with a fragment of

equal size from the lacZ gene and activation was determined by assessing fluorescence. All
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data are shown as the mean * SD and are from at least three independent biological

replicates.

Figure 5 - Model for transcriptional activation of Pchb. (A) In the absence of chitin, CBP
inhibits ChiS from activating expression of Pcu. (B) In the presence of chitin, CBP binds
chitin oligomers, which relieves repression of ChiS. We hypothesize that ChiS interacts with
or activates another currently unidentified protein, which recruits RNA Polymerase to
activate transcription of Pcpp in a SImA-dependent manner. SImA may help to recruit the
putative factor to the Pcnp promoter or is an otherwise required coactivator of this locus.
Upon expression of the chb operon, proteins involved in chitin uptake and utilization of

chitobiose, including CBP and the chitobiose ABC permease, are synthesized.
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Figure 1 - SImA is required for transcriptional activation of P, . (A) GFP fluorescence was measured in the
indicated strains, all of which contain a P_,,-gfp transcriptional reporter. Statistics shown indicate that samples
are significantly different from the “Acbp” sample. (B) Transcription of P, was schematized on X-gal-containing
media in the indicated strains, all of which contained a P_,,-lacZ transcriptional reporter. (C) Growth curves of the
indicated strains in M9 minimal medium containing 0.5% chitobiose as a sole carbon source. (D) gRT-PCR of the
chb short transcript was measured in WT and AsImA cells grown in the presence or absence of (GIcNAc),. (E) GFP
fluorescence was measured in the indicated strains, all of which contain a P_,,-gfp transcriptional reporter. (F)
GFP fluorescence was measured in a P,,-gfp AsImA Acbp strain harboring either an empty vector (p(MMB) or a
SImA expression vector (pMMB-SImA) grown in the presence or absence of 5 uM IPTG. Data in A, D, E, and F are
shown as the mean + SD and are from at least three independent biological replicates. Data from B and C are
representative of at least 2 independent experiments. *** = p<0.001, NS = not significant.
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Figure 2 - SImA is a direct transcriptional activator of P,. (A) Promoter map of P_,, showing the SBS and the TSSs
mapped in the presence (induced) and absence (uninduced) of chitin. “WT SBS” represents the native P,
sequence, “E. coli SBS” indicates that the native SBS was swapped for the consensus SBS from E. coli, and
“mutated SBS” indicates that the 6 highly conserved residues in the SBS were mutated. SBS sequences for the
indicated mutants are shown in bold text and the 6 most highly conserved residues of the SBS are underlined.
GFP fluorescence was measured in strains harboring the indicated mutations in the P_, -gfp transcriptional
reporter. The cbp status of each strain is indicated by a “+” (cbp intact) or a “A” (Acbp strain background). Data
are shown as the mean = SD and are from at least three independent biological replicates. (B) EMSAs performed
with purified SImA and the indicated promoter probes. The two P_,, probes were incubated with (from left to
right) 0 nM, 7.5 nM, 15 nM, 30 nM, 60 nM, 120 nM, 240 nM, or 480 nM SImA. The P, .., probe was incubated
with 0 nM or 480 nM SImA. (C) Growth curves of the indicated strains in M9 minimal medium containing 0.5%
chitobiose as the sole carbon source. Data from B and C are representative of at least 2 independent
experiments. *** = p<0.001, * = p<0.05, NS = not significant.
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Figure 3 - DNA binding, but not nucleoid occlusion activity, is required for SImA-dependent transcriptional
activation of P,. (A) Schematic of SImA depicting residues mutated in this study. T31 and E43 are predicted to
interact with DNA, F63 and R71 mediate FtsZ interactions, and R173 is required for dimerization. (B) GFP
fluorescence was measured in strains containing a P_,,-gfp reporter and the indicated site-directed mutations in
the native copy of simA. Statistical comparisons are made to the “WT Acbp” sample. (C) GFP fluorescence was
assessed in strains harboring an SBS-gfp reporter that is a readout for DNA binding and contain the indicated site-
directed mutations in the native copy of siImA. Statistical comparisons are made to the “AsImA” sample. (D)
EMSAs performed with the WT P, probe or the negative control P, ., probe incubated with (from left to right): O
nM, 240 nM, 480 nM, 960 nM, or 1920 nM of the indicated SImA mutant protein. Data in B and C are shown as
the mean + SD and are from at least three independent biological replicates. Data from D is representative of at
least two independent experiments. *** = p<0.001, NS = not significant.
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Figure 4 — Sequence specificity between the SBS and
induced promoter for P, activation. A 112 bp fragment of
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Figure 5 - Model for transcriptional activation of P_,,. (A) In the absence of chitin, CBP inhibits ChiS from
activating expression of P_,,. (B) In the presence of chitin, CBP binds chitin oligomers which relieves repression
of ChiS. We hypothesize that ChiS interacts with or activates another currently unidentified protein, which
recruits RNA Polymerase to activate transcription of P, in a SImA-dependent manner. SImA may help to
recruit the putative factor to the P, promoter or is an otherwise required coactivator of this locus. Upon
expression of the chb operon, proteins involved in chitin uptake and utilization of chitobiose, including CBP and
the chitobiose ABC permease, are synthesized.
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Fig. S1 - Levels of the long “uninduced” Pchy transcript do not change upon induction
with (GIcNAc)s.

Fig. S2 - Mutant strains grow as expected on glucose, GIcNAc, and tryptone.

Fig. S3 - ChiS is required for growth on chitobiose.

Fig. S4 - Sequence alignment of SImA protein from V. cholerae and E. coli.

Fig. S5 - Truncations narrow the region of Pchy required for transcriptional activation.
Fig. S6 - An Ec SBS at Pcn» does not enhance activation of Pchy by Ec SImA.

Fig. S7 - SImA has a higher affinity for a synthetic SBS that represents the consensus
sequence for SImA binding in E. coli compared to the SBS present in Pcnp.

Fig. S8 - Expression of SImA mutant alleles is similar in vivo.

Fig. S9 - Mutations in SImA that reduce DNA binding or FtsZ interaction diminish
nucleoid occlusion activity.

Fig. S10 - Overexpression of SImA and ChiS inhibits Pcyp activation.

Fig. S11 - Overexpression of SImA is not sufficient to activate expression of Pchp.
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Fig. S1 - Levels of the long “uninduced” P, transcript do not change upon induction with (GIcNAc),. Transcript
levels were determined via qRT-PCR using primers specific for the long P, transcript. Data are shown as the
mean + SD and are from at least three independent biological replicates. Fig. 1D shows the qRT-PCR data for the
short “induced” transcript.
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Fig. S2 — Mutant strains grow as expected on glucose, GIcNAc, and tryptone. Growth curves of the
indicated strains in M9 minimal medium containing 0.5% (A) glucose, (B) tryptone, or (C) N-

acetylglucosamine (GIcNAc) as a sole carbon source.
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Fig. S3 — ChiS is required for growth on chitobiose. Growth curves of the indicated strains in M9 minimal
medium containing 0.5% (A) chitiobiose, (B) N-acetylglucosamine, (C) glucose, or (D) tryptone as a sole
carbon source.
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Fig. S4 — Sequence alignment of SImA protein from V. cholerae and E. coli. Residues highlighted in black are
identical and those highlighted in gray are similar. Arrows indicate residues used in site-directed
mutational analysis. T31 and E43 are involved in DNA-binding, F63 and R71 are involved in interaction with
FtsZ, and R173 is involved in dimerization.



Uninduced TSS

Induced TSS

Promoter Structure

B v

O
o
o

Uninduced TSS Induced TSS
P P2 sBs ™ Ps Haipin
P

Uninduced TSS
. =3

P2

Induced TSS

>V

Induced TSS

™ P3 Hairpin

Induced TSS

Induced TSS

™ P3 Hairpin

Induced TSS

sBS CV ey

Do+ >+ >+ >+ D>+ D>+ D>+ D>+ D>+ >+

Ry

Fluorescence (AU)
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Fig. S7 - SImA has a higher affinity for a synthetic SBS that represents the consensus sequence for SImA binding in
E. coli compared to the SBS present in P, . (A) EMSAs performed where the indicated SBS sequence containing
probes were incubated with (from left to right): 0 nM, 7.5 nM, 15 nM, 30 nM, 60 nM, 120 nM, and 240 nM of
purified SImA. Data are representative of at least two independent experiments. (B) Labeled Vc SBS from P, (0.2
nM) was incubated with increasing concentrations of unlabeled Vc SBS from P, or the consensus SBS from E.
coli. Concentrations of unlabeled “cold competitor” probe from left to right are: 0 nM, 0.2 nM, 0.4 nM, 0.8 nM,
1.6 nM, 3.2 nM, 6.4 nM, 12.8 nM, 25.6 nM, 51.2 nM, and 200 nM.
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Fig. S8 — Expression of SImA mutant alleles is similar in vivo. (A) Fluorescence measurement of strains
containing a P_,,-mcherry reporter. Strains with SImA-3x FLAG were at the native SImA locus. Data
indicates that the SImA-3x FLAG construct is functional for P, activation. (B) S/mA site directed-mutants
were engineered to contain a 3x FLAG tag at the native locus. Cell lysates of these strains were subjected
to Western blot using a FLAG specific antibody and separately with an antibody to RpoA, which served as a
loading control.
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Fig. S9 - Mutations in SImA that reduce DNA binding or FtsZ interaction diminish nucleoid occlusion activity.
Strains containing chromosomally integrated constructs for overexpression of the indicated SImA mutants via an
IPTG-inducible P,,. promoter were grown in the presence or absence of 100 uM IPTG and imaged by phase
contrast microscopy. Data are representative of at least two independent experiments.
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Fig. S10 - Overexpression of SImA and ChiS inhibits P, activation. (A-D) GFP fluorescence was assessed in strains
that harbor a P_,,-gfp reporter as well as a chromosomally integrated construct for overexpression (P,,.-X) of ChiS
and/or SImA as indicated. All strains were grown with the indicated concentration of IPTG. P,,.-SImA constructs
contained a C-terminal triple FLAG tag, while P,,-ChiS constructs were untagged because the FLAG tag diminished
the activity of this protein. Data are shown as the mean * SD and are from at least three independent biological
replicates. (E) Representative western blots of SImA-3x FLAG and ChiS-FLAG overexpression using the same
chromosomally integrated constructs used in A-D for SImA and a ChiS-FLAG construct. (F) Representative phase

contrast images to show the morphology of cells ectopically expressing WT SImA or SImA F63A using the same
mutant constructs and concentrations of IPTG used in A-D.
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Fig. S11 - Overexpression of SImA is not sufficient to activate expression of P,. GFP fluorescence was assessed in
strains that harbor a P_,,-gfp reporter as well as the other mutations indicated. All strains were grown with 10 uM
IPTG to overexpress the indicated SImA mutant proteins. Consistent with a model where SImA requires another

coactivator, overexpression of these SImA variants was not sufficient to induce expression of P,,. Data are shown
as the mean * SD and are from at least three independent biological replicates.



Uninduced TSS Induced TSS

SBS VC0620-0612

CBP

WT

SBS 3’ -CGGTTTAGCTAGGTTTGTTAGTGTTTACTTACTTATTTGGCCTT-5"

-3 |3’ -CGGTTTAGCTAGTTAGTTTGTTAGTGTTTACTTACTTTGGCCTT-5"

+3 |3’ -CGGTTTAGCGTTTGTTAGTGTTTACTTACTAGTTATTTGGCCTT-5"

-5 |3’ -CGGTTTAGCTAGTTATTGTTTGTTAGTGTTTACTTACTGGCCTT-5"

+5 |3’ -CGGTTTAGTTTGTTAGTGTTTACTTACGCTAGTTATTTGGCCTT-5"

-8 |3’ -CGGTTTAGCTAGTTATTTGGGTTTGTTAGTGTTTACTTACCCTT-5"

+8 |3’/ -CGGTGTTTGTTAGTGTTTACTTACTTAGCTAGTTATTTGGCCTT-5"

-9 |3’ -CGGTTTAGCTAGTTATTTGGCGTTTGTTAGTGTTTACTTACCTT-5"

+9 |3’ -CGGGTTTGTTAGTGTTTACTTACTTTAGCTAGTTATTTGGCCTT-5"

-10 | 3’ -CGGTTTAGCTAGTTATTTGGCCGTTTGTTAGTGTTTACTTACTT-5"

+10 | 3’ -CGGTTTGTTAGTGTTTACTTACGTTTAGCTAGTTATTTGGCCTT-5"

-11 | 3’ -CGGTTTAGCTAGTTATTTGGCCTGTTTGTTAGTGTTTACTTACT-5"

+11 |3’ -CGTTTGTTAGTGTTTACTTACGGTTTAGCTAGTTATTTGGCCTT-5"

-12 | 3’ -CGGTTTAGCTAGTTATTTGGCCTTGTTTGTTAGTGTTTACTTAC-5"

D+ >+ >+ D>+ D>+ D>+ D>+ > +D>+ D>+ D> +D>+ D>+ >+ >

+12 | 3’ -GTTTGTTAGTGTTTACTTACCGGTTTAGCTAGTTATTTGGCCTT-5"

R

Fluorescence (AU)

Fig. S12 - The placement of the SBS in P, is critical for transcriptional activation. All strains harbor a P ,,-gfp
reporter with the indicated mutation to move the SBS sequence as indicated. Each SBS mutation was tested in a
background where cbp is intact (+) or deleted (A). Data are shown as the mean £ SD and are from at least three

independent biological replicates.
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Fig. S13 — Role of nonessential sigma factors in
transcriptional activation of P, GFP fluorescence was
assessed in strains that harbor a P_,,-gfp reporter with
the indicated sigma factor deleted. Data are shown as
the mean + SD and are from at least three independent
biological replicates.



Table S1 - Strains

used in this study

Strain name in

Genotype and

Reference /

Spec®

manuscript antibiotic resistances Description (strain#)
R Wildtype V. cholerae O1 El Tor (25)
WT E7946 Sm strain used throughout this study (SADO030)
Strains Used for Transposon Library
Parent strain used Pew-lacZ, Kan®; pDL1086 | CAK 062 parent harboring This Study
for repressor AmpR cm® transposon vector pDL1086 (CAK 065 /
transposon library . SAD 1397)
Parent strain used Pcnp-lacZ, Kan™; . This Study
for activator ACBP::Spec”; pDL1086 ::AK 063 paren;[ harBoLr1|r(1)986 (CAK 066 /
transposon library Amp" Cm"® ransposon vector p SAD 1398)
Strains Used for Growth Curves
. . This Study
ASIMA AsimA::KanR EZL‘?}'O” of simA replaced with (CAK 021 /
SAD 1392)
A deletion of VC0995 GIcNAc
AVC0995 AVC1807::SpecR; monosaccharide transporter and a | This Study
AVC0995 deletion of VC1807 replaced with (SAD 265)
Spec” cassette
AVC0995 AVC1807::Spec”; SAD 265 parent with a deletion of | This Study
AVC0618-19 AVC099R5; AVC0618- VC0618 Fe{md VCO0619 replaced (CAK 072/
19::Kan with Kan SAD 1399)
AVC1807::Speck; SAD 265 parent with a deletion of This Study
AVC0995 AsImA 1 \c0995; AsimA=TmR | simA replaced with TmR éi%ﬁ%%;
. R Deletion of VC0618 and VC0619 This Study
AVC0618-19 AVC0618-19::Kan replaced with KanR (SAD 382)
) SBS at native Py, promoter was This Study
Scrambled SBS Z@'&?SB?TELG:RSBS’ scrambled and VC1807 was (CAK 172 /
- replaced with Kan SAD 1439)
SAD 265 parent; SBS at native = | This Study
Scrambled SBS Pcny Scrambled SBS; promoter was scrambled and Kan (CAK 173 /
AVC0995 AVC1807::Kan®; AVC0995 | cassette swapped for Spect SAD 1440
cassette at VC1807 )
, o R A deletion of chiS replaced with This study
AchiS AchiS::Spec Spect (SAD 117)
Strains Used for LacZ Activity
This Study
Parent LacZ Penp-lacZ, Kan® P.np-lacZ transcriptional reporter (CAK 062/
reporter SAD 1395)
R. P.np-lacZ transcriptional reporter This Study
Ponp-lacZ, Kan™; X .
ACBP LacZ reporter ACBP"SpecR with a delgtlon of CBP replaced (CAK 063/
"’ with Spec™ cassette SAD 1396)
CAK 062 parent with a deletion of This Stud
ACBP AsimA LacZ Pew-lacZ, Kan®; sImA replaced with TmRand a CAK 075y/
reporter ACBP::SpecR; AsImA:Tm® | deletion of CBP replaced with (SAD 1401
Spec” cassette )
R. CAK 062 parent with a deletion of .
AChiS ACBP Lacz | "ew-lacZ, Kan= ChiS replaced with Tm® and a This Study
reporter ACh'S"TmR’R deletion of CBP replaced with (CAK 209/
ACBP::Spec SAD 1460)

Strains Used for P.,,-GFP Assays




WT GFP reporter, A deletion of /acZ replaced with This Study
WT SBS GFP AlacZ::P4ny-GFP Kan® Pcno-GFP transcriptional fusion (CAK 007 /
reporter linked to Kan" SAD 590)
ACBP GFP AlacZ::Pon-GFP Kan®; CAK 007 parent with a deletion of This Study
reporter, WT SBS ACBP::Spec® CBP replaced with Spec” cassette (CAK 009/
ACBP GFP reporter "’ SAD 1390)
CAK 007 parent with a deletion of This Stud
ACBP AChiS GFP AlacZ::P:n,-GFP KanR; CBP replaced with SpecR cassette CAK 010y/
reporter ACBP::Spec™; AChiS::Tm® | and a deletion of ChiS replaced (SAD 1391
with Tm" cassette )
ASImA GFP AlacZ::Poy-GFP, Kan®; CAK 007 parent with a deletion of TCh/'fKS(t);jy/
reporter ASImA:Tm"® sIimA replaced with TmR cassette (SAD 1393)
CAK 007 parent with a deletion of This Stud
ASImA ACBP GFP AlacZ::Pqn,-GFP, KanR; sImA replaced with TmR cassette CAK 025y/
Reporter ASImA:Tm"; ACBP::SpecR and a deletion of CBP replaced 2394
with Spec” cassette )
A deletion of /acZ replaced with This Study
Scrambled SBS AlacZ::P:n,-GFP with I?Chb—GFP transcnptpnal fusion (CAK 088 /
scrambled SBS linked to Kan™; SBS in promoter SAD 1402)
- element was “scrambled”
AlacZ::P.y,-GFP, Kan™; .
AsImA::TmR; CAK 025 parent harboring This Study
PMMB SImA ACBP | cBp:-spec®: pPMMBB7EH with simA insert éi%ﬂi%%;
pMMB67EH SImA -
AlacZ::P:n,-GFP, Kan™; .
AsImA::TmR; CAK 025 parent harboring This Study
PMMB ACBP ACBP::Spect; pMMB67EH with no insert éi%ﬂi%ﬂ’
pMMB67EH empty vector )
A deletion of /acZ replaced with
3 . Pcnp-GFP transcriptional fusion .
Scrambled SBS AIaCZ"PC”"_GFP_ with linked to Kan"; SBS in promoter This Study
scrambled SBS; “ (CAK 089/
ACBP ACBP"SpecR element was “scrambled”; a SAD 1403)
- deletion of CBP replaced with
Spec®
< CAK 024 parent with WT SImA This Stud
WT SImA GFP AlacZ::P.,-GFP, Kan™; knocked back in at native locus; CAK 093y/
reporter AVC1807::SpecR has the same phenotype as CAK (SAD 1404)
007
CAK 024 parent with WT SImA
. R. knocked back in at native locus This Study
‘éVFTPS:;“pﬁ ﬁ;BP i’é”gﬁ';g";‘; SRFP’ Kan™ | and a deletion of CBP replaced | (CAK 094/
" with Spec”; has the same SAD 1405)
- phenotype as CAK 009
AlacZ::P.n,-GFP, Kan™; . This Study
SMATOIAGE? | WVEiaor spectism | CAKL2Sparen i SIATOA | (oo
T31A SAD 1406)
< CAK 024 parent with SImA T31A This Stud
SImA T31A ACBP AlacZ::P.,-GFP, Kan™; knocked back in at native locus CAK 096y/
GFP reporter ACBP::SpecR; SImA T31A | and a deletion of CBP replaced (
: R SAD 1407)
- with Spec —
AlacZ::P.n,-GFP, Kan™; . is Study
SImA E43A GFP AVC1807::SpecR; SImA CAK 024 parent with SImA E43A (CAK 143 /

reporter

E43A

knocked back in at native locus

SAD 1430)




CAK 024 parent with SImA E43A

SImA E43A ACBP | AlacZ::P,u,-GFP, Kan®; knocked back in at native locus TCh/'fKS}‘jliy/
GFP reporter ACBP::SpecR; SImA E43A | and a deletion of CBP replaced (SAD 1431
! with Spec” )
AlacZ::P.n,-GFP, Kan™; . This Study
SMAFSAGP | Ctaci sped ma | SAKO24paren i Sma PO (i)
F63A SAD 1408)
< CAK 024 parent with SImA F63A This Stud
SImA F63A ACBP AlacZ::Pq,-GFP, Kan™; knocked back in at native locus CAK 098)//
GFP reporter ACBP::SpecR; SImA F63A | and a deletion of CBP replaced (SAD 1409
! with Spec” )
AlacZ::Pqn,-GFP, Kan™; . This Study
R71D SAD 1410)
< CAK 024 parent with SImA R71D This Stud
SImA R71D ACBP AlacZ::P:n,-GFP, Kan™; knocked back in at native locus CAK 108)//
GFP reporter ACBP::SpecR; SImA R71D | and a deletion of CBP replaced (SAD 1413
! with Spec” )
AlacZ::P.,-GFP, Kan™; . This Study
R173E SAD 1452)
. R, CAK 024 parent with SImA R173E .
SImA R173E ACBP AIaCZ'_‘_PC”"'%'_:P’ Kan'; knocked back in at native locus This Study
GFP reporter ACBP::Spec”; SImA and a deletion of CBP replaced (CAK 194 /
R173E . R SAD 1453)
with Spec
.. R, CAK 024 parent with SImA from E. | This Study
rEeCpSrl‘[z'rA\ GFP i(?ngS;hb_S%ZERKs g Sima | coli knocked back in at native (CAK 100/
- ’ locus SAD 1411)
< CAK 024 parent with SImA from E. This Stud
Ec SImA ACBP AlacZ::P.,-GFP, Kan™; coli knocked back in at native (CAK 101y/
GFP reporter ACBP::Spec™; Ec SImA locus and a deletion of CBP SAD 1412
replaced with Spec® )
A deletion of /acZ replaced with
. . Pcnp-GFP transcriptional fusion This Study
Fecpsr?eerFP éggz"Pc”b_GFP with Ec linked to Kan"; SBS in promoter (CAK 168 /
element was replaced with E. coli SAD 1438)
consensus SBS
Ec SBS GFP AlacZ::Pey-GFP with Ec | CAK 168 parent with a deletion of (TCh/'f‘KS}‘éC;V/
reporter ACBP SBS; ACBP::Spec® CBP replaced with Spec® SAD 1455)
P1 AIacRZ::P1 of P¢pp-GFP, Pcho truRncation fused to GFP linked | This Study
Kan to Kan (SAD 903)
. P.np truncation fused to GFP linked .
P1 ACBP ﬁljﬁ% .f(;BOFf’:l:DSC’gc;SF!: P, to Kan® and a deletion of CBP ;I—Sh:DSSSL(J)i))/
replaced with Spec
P1+P2 AIacRZ::P1 +P2 of Penp-GFP, | Pepp truRncation fused to GFP linked | This Study
Kan to Kan (SAD 912)
. P.np truncation fused to GFP linked .
P1+P2 ACBP pacgP b2 o Py GFP) | to kan® and a deletion of CBP This Study
an; ACBP::Spec ; R (SAD 913)
replaced with Spec
P2 only AlacZ::P2 only of Pgp- Pcr truncation fused to GFP linked ;I—QEKS:L;C:y/

GFP, Spec”

to Spec”

SAD 1415)




AlacZ:-P2 only of P Pcnp truncation fused to GFP linked | This Study
P2 only ACBP GEP- 'ACBP_%mR chb to Spec” and a deletion of CBP (CAK 112/
’ 3 replaced with Tm"® SAD 1416)
. : This Stud
P2+SBS (Aglggz:éP%gBS of Pepp- fdg trurg{catlon fused to GFP linked (C,IAK 1‘133//
» Spec 0 spec SAD 1417)
. ) Py truncation fused to GFP linked | This Study
P2+SBS ACBP é’?;z'épi?_BASC‘gPFf?;"mR to Spec® and a deletion of CBP | (CAK 114 /
» Spec; - replaced with TmR SAD 1418)
P2+SBS more AlacZ::P2+SBS more o Pcho trur;{cation fused to GFP linked ;I—QEKSH?/
space space of Pq-GFP, Spec to Spec SAD 1419)
AlacZ::P2+SBS more Pcnp truncation fused to GFP linked | This Study
SPZ;CSeBASCrSgre space of Pg,,-GFP, Spec™: | to Spec” and a deletion of CBP (CAK 117 /
P ACBP:Tm" replaced with TmR SAD 1420)
P2+P3 AlacZ::P2+P3 of P,,-GFP, | Py truncation fused to GFP linked | This Study
Kan" to Kan" (SAD 907)
. Pcnp truncation fused to GFP linked .
P2+P3 ACBP AlacZ:P2+P3 of Pey-GFP, | 4 " an® and a deletion of CBP This Study
Kan™; ACBP::Spec : R (SAD 908)
replaced with Spec
P2+P3 internal AlacZ::P2+P3 internal " Pechb trurg{cation fused to GFP linked ;FQEKS:Z%)//
region region of P¢y,-GFP, Spec to Spec SAD 1425)
P2+P3 internal AlacZ::P2+P3 internal Py truncation fused to GFP linked | This Study
rodion ACBP region of P,,-GFP, Spec”; | to Spec” and a deletion of CBP (CAK 130/
9 ACBP:TmR replaced with Tm® SAD 1426)
P3 AlacZ::P3 of Pgu,-GFP, Pnp truncation fused to GFP linked | This Study
Kan" to Kan" (SAD 905)
P.n truncation fused to GFP linked .
AlacZ::P3 of Pgp,-GFP, c R ) This Study
P3 ACBP Kan®: ACBP::SpecR to Kan an<_:l a deletF|<on of CBP (SAD 906)
replaced with Spec
5 . : This Study
P3 only more space AlacZ::P3 only moge space | Pgpp trurg{catlon fused to GFP linked (CAK 119 /
of Pere-GFP, Spec to Spec
¢ ’ SAD 1421)
P3 onlv more space AlacZ::P3 only more space | P, truncation fused to GFP linked | This Study
ACBPy P of Peny-GFP, Spec’; to Spec” and a deletion of CBP (CAK 120 /
ACBP::Tm" replaced with Tm" SAD 1422)
. AlacZ::Ahairpin of Pp,- Pcnp truncation fused to GFP linked This Study
AHairpin GFP. Spec® to Spect (CAK 121/
P P SAD 1423)
3 . ) Py truncation fused to GFP linked | This Study
AHairpin ACBP é’?;z'éﬂi'é?fcggfqb "= | toSpec™and adeletion of CBP | (CAK 122
» Spec; - replaced with Tm® SAD 1424)
A deletion of /acZ replaced with
. ) R. Pcnp-GFP transcriptional fusion This Study
-3 SBS éggz"PC”b GFP, Kan™ -3 | jinked to Kan®; SBS in promoter (CAK 179/
element was moved 3 bp SAD 1441)
downstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
-3 SBS ACBP AlacZ::Pqny-GFP, KRanR; -3 | linked to Kan"; SBS in promoter ZQEKS:%%)//
SBS; ACBP::Spec element was moved 3 bp SAD 1442)

downstream; a deletion of CBP
was replaced with Spec”




A deletion of /acZ replaced with

+3 SBS AlacZ::Pyny-GFP, Kan™; +3 I?Chb—GFP tranRscriptio_naI fusion ;I—QEKS,T%?/
SBS linked to Kan™; SBS in promoter SAD 1445)
element was moved 3 bp upstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
+3 SBS ACBP AlacZ::P¢p,-GFP, KRanR; +3 | linked to Kan®; SBS in promoter ;I—QEKS,T%?/
SBS; ACBP::Spec element was moved 3 bp SAD 1446)
upstream; a deletion of CBP was
replaced with Spec”
A deletion of /acZ replaced with
. R, Pn-GFP transcriptional fusion This Study
-5 SBS éggz"P"”b_GFP’ Kan™ -5 | jinked to Kan®; SBS in promoter (CAK 181/
element was moved 5 bp SAD 1443)
downstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
-5 SBS ACBP AlacZ::Pcyy-GFP, KRanR; -5 | linked to Kan®; SBS in promoter ;I—QEKS,T%?/
SBS; ACBP::Spec element was moved 5 bp SAD 1444)
downstream; a deletion of CBP
was replaced with Spec”
" A deletion of IacZ rgplaced yvith This Study
+5 SBS AlacZ::Py,-GFP, Kan™; +5 I?Chb—GFP tranRscr|pt|o_naI fusion (CAK 185 /
SBS linked to Kan™; SBS in promoter SAD 1447)
element was moved 5 bp upstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
+5 SBS ACBP AlacZ::P¢p,-GFP, KRanR; +5 | linked to Kan®; SBS in promoter ;I—QEKS,T%?/
SBS; ACBP::Spec element was moved 5 bp SAD 1448)
upstream; a deletion of CBP was
replaced with Spec”
A deletion of /acZ replaced with
. R, Pm-GFP transcriptional fusion This Study
-8 SBS éggz"P"”b_GFP’ Kan™ -8 | jinked to Kan®; SBS in promoter (CAK 217/
element was moved 8 bp SAD 1463)
downstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
-8 SBS ACBP AlacZ::Pcyy-GFP, KRanR; -8 | linked to Kan®; SBS in promoter ;FQEKS;%?/
SBS; ACBP::Spec element was moved 8 bp SAD 1471)
downstream; a deletion of CBP
replaced with Spec”
o A deletion of /acZ replaced with This Study
+8 SBS AlacZ::P n,-GFP, Kan™; +8 | P.y,-GFP tranRscriptionaI fusion (CAK 216 /
SBS linked to Kan™; SBS in promoter SAD 1462)
element was moved 8 bp upstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
+8 SBS ACBP AlacZ::P¢p,-GFP, KRanR; +8 | linked to Kan®; SBS in promoter ;I—QEKS;%?/
SBS; ACBP::Spec element was moved 8 bp SAD 1470)
upstream; a deletion of CBP
replaced with Spec”
. R. A deletion of /acZ replaced with This Study
-9 SBS AlacZ::Pon-GFP, Kan™ -9 Pns-GFP transcriptional fusion (CAK 219/

SBS

linked to Kan"; SBS in promoter

SAD 1465)




element was moved 9 bp
downstream

A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion

. R, ; R. . This Study
-9 SBS ACBP AlacZ::P¢p,-GFP, KRan ;-9 | linked to Kan™; SBS in promoter (CAK 227 /
SBS; ACBP::Spec element was moved 9 bp SAD 1473)
downstream; a deletion of CBP
replaced with Spec”
A deletion of /acZ replaced with .
+9 SBS AlacZ::Pen,-GFP, Kan®; +9 | Pgn,-GFP transcriptional fusion ZQEKS;L;?/
SBS linked to Kan": SBS in promoter
SAD 1464)
element was moved 9 bp upstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .

. R, ; R. . This Study
+9 SBS ACBP AlacZ::P¢p,-GFP, KRan ; 9 | linked to Kan™; SBS in promoter (CAK 226 /
SBS; ACBP::Spec element was moved 9 bp

. : SAD 1472)
upstream; a deletion of CBP
replaced with Spec®
A deletion of /acZ replaced with
. R, Pm-GFP transcriptional fusion This Study
-10 SBS %agé'sp"”b_GFP’ Kan™ - | jinked to Kan®; SBS in promoter (CAK 200 /
element was moved 10 bp SAD 1456)
downstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
10 SBS ACBP AlacZ::Pgny-GFP, Kan®; - linked to Kan"; SBS in promoter ;I—QEKS;%C:y/
i 10 SBS; ACBP::Spec” element was moved 10 bp SAD 1457)
downstream; a deletion of CBP
was replaced with Spec®
A deletion of /acZ replaced with
. R, Pn-GFP transcriptional fusion This Study
+10 SBS fqaocé'é%”’b_GFP’ Kan™; linked to Kan"; SBS in promoter (CAK 202 /
element was moved 10 bp SAD 1458)
upstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
. . This Study
AlacZ::Pe,-GFP, Kan®; linked to Kan": SBS in promoter
+10 SBS ACBP +10 SBS; ACBP::Spec” element was moved 10 bp (SC,;AAI\DK124%%/
) - )
upstream; a deletion of CBP was
replaced with Spec®
A deletion of /acZ replaced with
. R, Pm-GFP transcriptional fusion This Study
-11 SBS ?Qagé'sp"”b_GFP’ Kan™ - | Jinked to Kan®; SBS in promoter (CAK 221/
element was moved 11 bp SAD 1467)
downstream
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
11 SBS ACBP AlacZ::Pgny-GFP, Kan®; - linked to Kan"; SBS in promoter ;FQEKS;Z%)//
) 11 SBS; ACBP::SpecR element was moved 11 bp SAD 1475)
downstream; a deletion of CBP
replaced with Spec®
. R. A deletion of /acZ replaced with This Study
+11 SBS AlacZ::Pon-GFP, Kan™ Pcn-GFP transcriptional fusion (CAK 220/

+11 SBS

linked to Kan": SBS in promoter

SAD 1466)




element was moved 11 bp
upstream

A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion

+11 SBS ACBP AIacZ::PCI,,b—GFP,"KanR;R linked to KanR; SBS in promoter ;FQEKS;%%)//
+11 SBS; ACBP::Spec element was moved 11 bp SAD 1474)
upstream; a deletion of CBP
replaced with Spec”
A deletion of /acZ replaced with
. R. Pcnp-GFP transcriptional fusion This Study
-12 SBS 1AI23§§..SPC,,£,—GFP, Kan™ - | jinked to Kan®; SBS in promoter (CAK 223/
element was moved 12 bp SAD 1469)
downstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
12 SBS ACBP AlacZ::Pqn,-GFP, Kan:; - linked to KanR; SBS in promoter ;I—QEKS;%C:y/
12 SBS; ACBP::Spec element was moved 12 bp SAD 1477)
downstream; a deletion of CBP
replaced with Spec®
A deletion of /acZ replaced with
. R. Pcnp-GFP transcriptional fusion This Study
+12 SBS f%“‘é‘é’}”b‘GFP’ Kan™ | jinked to Kan®; SBS in promoter | (CAK 222 /
element was moved 12 bp SAD 1468)
upstream
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
+12 SBS ACBP AIacZ::PCI,,b—GFP,"KanR;R linked to KanR; SBS in promoter ;FQEKS;%%y/
+12 SBS; ACBP::Spec element was moved 12 bp SAD 1476)
upstream; a deletion of CBP
replaced with Spec®
Overexpression construct for the
indicated SImA allele was
AlacZ::Piye-sImA élaeccélzzcl_nilé\m'#;g 1A integrated at the lacZ locus, while | This study
T31A AsimA A{D/C1é07"P " y K R the Py, reporter was integrated at | (SAD1239)
~Feno-glp Ka the VC1807 locus, strain also has
a deletion of simA
Overexpression construct for the
AlacZ;:Pie-SImA T31A indicated SImA allele was
AlacZ::Pic-SIMmA SpecR, ASIMA:: TmR, integrated at the lacZ locus, while This study
T31A Acbp AsimA Acbp::CarbR, the Py, reporter was integrated at | (SAD1242)
AVC1807::Pcnp-gfp the VC1807 locus, strain also has
a deletion of simA and cbp
Overexpression construct for the
indicated SImA allele was
AlacZ::Piae-SIMmA igﬁifﬁnﬁglmp‘ FE3A, integrated at the lacZ locus, while This study
F63A AsImA AVC1éb7"I5 —af the Py, reporter was integrated at | (SAD1240)
+Feno-g1p the VC1807 locus, strain also has
a deletion of simA
Overexpression construct for the
indicated SImA allele was
AlacZ::Pic-SIMmA QE;ZA??%_F? lE&;?g’:’rbR integrated at the lacZ locus, while This study
FE63A Acbp AsimA y ' . " | the Py reporter was integrated at | (SAD1243)

AVC1 807::Pchb-gfp

the VC1807 locus, strain also has
a deletion of simA and cbp




AlacZ::Pe-SImA R71D,

Overexpression construct for the
indicated SImA allele was

AlacZ::Pic-SIMmA AsImA:TmR integrated at the lacZ locus, while This study
R71D AsimA AVC1éb7"I5 —af the Py, reporter was integrated at | (SAD1241)
~Fonb-gTp the VC1807 locus, strain also has
a deletion of simA
Overexpression construct for the
indicated SImA allele was
AlacZ::Pic-SIMmA QE;ZA??%_F? lxﬁ;)g?égr’bR integrated at the lacZ locus, while This study
R71D Acbp AsImA AVC1éb7"I5 —of . " | the Py reporter was integrated at | (SAD1244)
~Fonb-gTP the VC1807 locus, strain also has
a deletion of simA and cbp
AlacZ::Pqnp-gfp with nucleotides This Stud
Penp 112 bp lacZ AIacZ::PC,,%—gfp 112 bp 612-724 swapped with an (CAK 337y/
swap-gfp swap Kan intergenic region from the lacZ SAD 1482
gene linked to Kan® )
AlacZ::Pqnp-gfp with nucleotides
Pow 112bp lacZ | AlacZ::Py-gfp 112 bp 612-724 swapped with an This Study
swap-gfp Acbp swap Kan®, ACBP::Spec® mterggmc region frgm the'lacZ (CAK 338/
gene linked to Kan™; deletion of SAD 1483)
CBP replaced with Spec®
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
ADOS Achp Pohb-g)?), KanRR.; o |linked to Kan®; a deletion of cbp ZQEHS;%%V/
ArpoS::Spec™; Acbp::Tm was replaced with Tm~and a SAD 1486)
deletion of rpoS replaced with
Spec®
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
ATDON Acbp PC,,b-gf.;.), Kan:; e linked to Kan®: a deletion of cbp ;I—QEHS:‘%?/
ArpoN::Spec™; Acbp::Tm was replaced with Tm~and a SAD 1487)
deletion of rpoN replaced with
Spec®
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
ADOF Acbp Pen-gfp, KanRR.; . |linked to Kan®; a deletion of cbop ;FQEHSL%ZV/
ArpoF::Spec™; Acbp::Tm was replaced with Tm~and a SAD 1488)
deletion of rpoF replaced with
Spec®
A deletion of /acZ replaced with
Pcno-GFP transcriptional fusion .
ArpOH Achp PC,,b-gf.;.), Kan:; o |linked to Kan®; a deletion of cbp ZQEHS;%%V/
ArpoH::Spec™; Acbp::Tm was replaced with Tm~and a SAD 1489)
deletion of rpoH replaced with
Spec®
A deletion of /acZ replaced with
Pcnp-GFP transcriptional fusion .
ADOE Acbp Pohb-g)?), KanRR.; o |linked to Kan®; a deletion of cbp ZQEHS;%%V/
ArpoE::Spec™; Acbp::Tm was replaced with Tm~and a SAD 1490)
deletion of rpoE replaced with
Spec®
. . CAK 168 parent with the native .
AlacZ::P.n,-GFP with Ec . This Study
Ec SBSEcSImMA | SBS, Kan; Ec SImA; g‘fm/&f’f Sdln?At_replafc\tlag o o (CAK 393 /
AVC1807::Spec® mA, a de'etion o Was | sSAD1608)

replaced with Spec®




CAK 168 parent with the native

Ec SBS Ec SImA AIaCZ"PC”ﬁfGFP Wlth_EC copy of SImA replaced with Ec This Study
Acbp SBS, }fan ’ EC SimA; SImA; a deletion of cbp was (SC,;AAI\Dﬁ ggg /
ACBP::Spec™; replace with Spec® )
CAK 007 parent with a deletion of
AlacZ::Pqn,-GFP, KanR; VC1807 replaced with a SImA-3x This Study
Piac-SImA AVC1807::P,c-SImA-3x FLAG fusion linked to the IPTG- (CAK 371/
FLAG, SpecR inducible P promoter; Py SAD1614)
construct is linked to Spec”
CAK 007 parent with a deletion of
VC1807 replaced with a SImA-3x
AlacZ::Pqn,-GFP, KanR; FLAG fusion linked to the IPTG- This Study
Piac-SImA ACBP AVC1807::Psc-SImA-3x inducible P promoter; Piac (CAK 372/
FLAG, SpecR; ACBP:Tm® | construct is linked to SpecR; a SAD1615)
deletion of cbp was replaced with
Tm"
Native copy of SImA WT replaced
MacZ:Pyy-GFP, Kan®; | \/ih SImA FOOA; detetion of 1 1his siuay
Piac-SIMA F63A AVC1807::Prac-SIMA ropiaced Wi 8 STIASX | (CAK 417 /
F63A-3x FLAG SpeCR FLAG_ fusion linked to the IPTG- SAD1616)
’ inducible P promoter; Pigc
construct is linked to Spec”
Native copy of SImA WT replaced
with SImA F63A; deletion of
AlacZ::P4p-GFP, Kan®; VC1807 replaced with a SImA-3x This Stud
Piac-SImA F63A AVC1807::P,-SImA FLAG fusion linked to the IPTG- (CAK 418y/
ACBP F63A-3x FLAG, SpecR; inducible P promoter; Piac SAD1617
ACBP::Carb® construct is linked to Spec™; a )
deletion of cbp was replaced with
Carb®
CAK 007 parent with a deletion of
AlacZ::Pqn,-GFP, KanR; VCAO0692 replaced with ChiS This Study
Piac-ChiS AVCA0692::Ptac-ChiS, linked to the IPTG-inducible P, (CAK 409/
TmR pro;{noter; Piac construct is linked to | SAD1619)
Tm
CAK 007 parent with a deletion of
AlacZ::Pgu,,-GFP, Kan®; l\{rg('gg?gztgﬂf%dimﬂ‘cﬁmsp This Study
Piac-ChiS ACBP AVCAO0692::Ptac-ChiS, ) - - tac (CAK 410/
TmR: ACBP::Carb® pro;noter, Ptelic construct is linked to SAD1620)
’ Tm™; a deletion of cbp was
replaced with Carb®
AlacZ::Pmp-GFP, Kan™; CAK 371 parent with a deletion of
AVC1807::P-SImA-3x VCA0692 replaced with ChiS This Study
Piac-SIMA Pe-ChiS | FLAG, Spec'; linked to the IPTG-inducible P, (CAK 415/
AVCA0692::Ptac-ChiS, promoter; P,.-ChiS construct is SAD1621)
m® linked to Tm"
. R, CAK 371 parent with a deletion of
i(?gég;hfflz-g]rﬁ%% VCAQ692 replaced with ChiS This Study
Piac-SImA P,-ChiS FLAG Sp.éctF?'c linked to the IPTG-inducible Py, (CAK 416 /
ACBP ’ o . promoter; P,.-ChiS construct is
AVCA0692::Ptac-ChiS, X R : SAD1622)
TmR: ACBP::Carb® linked to Tm™; a deletlog of cbp
’ was replaced with Carb
P, -SImA F63A AlacZ::Pmp-GFP, Kan™; CAK 417 parent with a deletion of | This Study
tac AVC1807::P-SImA VCAO0692 replaced with ChiS (CAK 419/

Ptac-ChiS

F63A-3x FLAG, Spec";

linked to the IPTG-inducible Py

SAD1623)




AVCA0692::Ptac-ChiS,
TmR

promoter; P,.-ChiS construct is
linked to Tm"

AlacZ::Pgp,-GFP, Kan®;

CAK 417 parent with a deletion of
VCAO0692 replaced with ChiS

Piac-SIMA F63A AVE1807:PacSIMA | Jinked to the IPTG-inducible P, | 1115 Study
Piac-ChiS ACBP FB3A-3x FLAG, Spef: ’ promoter; P,.-ChiS construct is (CAK 420/
ac AVCAO0692::Ptac-ChiS, X . ; SAD1624)
TmR: ACBP::Carb® linked to Tm™; a deletlog of cbp
’ was replaced with Carb
Strains Used for Ec SBS-GFP Repression Reporter Assays
A deletion of VC1807 replaced
with consensus sequence of E. coli This Study
WT SImA AVC1R807::EC SBS-GFP, SImA Binding Sites flanked by -10 (CAK 135 /
Spec and -35 RNA polymerase binding SAD 1427)
sites fused to GFP and linked to
Spec®
ASITA AVC1807::Ec SBS-GFP, | CAK 135 parent with a deletion of (TCh/'f‘KS}‘:‘,’%V/
Spec™; AsSImA:Tm sImA replaced with Tm SAD 1428)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA T31A SpecR; SImA T31A; AlacZ | replaced with simA T31A,; lacZ (CAK 195/
LPQEN::Kan® linked to Kan" SAD 1454)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA E43A SpecR; SImA E43A; AlacZ | replaced with simA E43A; lacZ (CAK 244/
LPQEN::Kan® linked to Kan" SAD 1478)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA E43K SpecR; SImA E43K; AlacZ | replaced with simA E43K; lacZ (CAK 212/
LPQEN::Kan® linked to Kan" SAD 1461)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA F63A SpecR; SImA F63A; AlacZ | replaced with simA F63A,; lacZ (CAK 187/
LPQEN::Kan® linked to Kan" SAD 1449)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA R71D SpecR; SImA R71D; AlacZ | replaced with simA R71D; lacZ (CAK 188/
LPQEN::Kan" linked to Kan" SAD 1450)
AVC1807::Ec SBS-GFP, CAK 136 parent with native simA This Study
SImA R173E SpecR; SImA R173E; replaced with simA R173E; lacZ (CAK 189/
AlacZ LPQEN::Kan® linked to Kan" SAD 1451)
Strains Used for Microscopy
lacZ replaced with SImA WT under
the control of an IPTG inducible .
R Piac promoter (derived from a This Study
WT SImA AlacZ::P-SImA, Spec Stac R o (CAK 137/
pec Tn1g fragment containing SAD 1429)
Lacl, Spec™, and an outward
reading Py, promoter)
lacZ replaced with SImA T31A
under the control of an IPTG This Stud
. inducible Py, promoter (derived IS Sludy
SImA T31A AlacZ::P-SImA, Spec”™ | & tag (CAK 151/
rom a Spec” Tn10 fraRgment SAD 1432)
containing Lacl, Spec”, and an
outward reading Py, promoter)
lacZ replaced with SImA E43A
under the control of an IPTG This Stud
. inducible Py, promoter (derived IS Sludy
SImA E43A AlacZ::Pie-SImA, SpecR |fn tag (CAK 152/
rom a Spec” Tn10 fragment SAD 1433)

containing Lacl, SpecR, and an
outward reading Py, promoter)




lacZ replaced with SImA E43K
under the control of an IPTG

. ible P ter (derived This Study
SImA E43K AlacZ::Prc-SImA, Spec® | NAUCIDE Pug promoer (derive (CAK 341/
rom a Spec” Tn10 fragment
- R SAD 1484)
containing Lacl, Spec”, and an
outward reading Py, promoter)
lacZ replaced with SImA F63A
.under_ the control of an IPTQ This Study
SImA F63A AlacZ::Prc-SImA, Spec® | NAUCIDE Pug promoter (derived ¢ 453’
rom a Spec” Tn10 fragment
- R SAD 1434)
containing Lacl, Spec”, and an
outward reading Py, promoter)
lacZ replaced with SImA R71D
under the control of an IPTG This Study
SImA R71D AlacZ: Prac-SImA, Spec® | [NOUCIDE Puag promoater (derived 1 cAK 154 /
rom a Spec” Tn10 fragment
- R SAD 1435)
containing Lacl, Spec”, and an
outward reading Py, promoter)
lacZ replaced with SImA R173E
under the control of an IPTG This Study
SImA R173E AlacZ::Poc-SImA, Spect 'f?gr‘;c;b'sepztg ‘%rr?mf%ﬁzg‘t’ed (CAK 342 /
- R SAD 1485)
containing Lacl, Spec”, and an
outward reading Py, promoter)
Strains Used for SImA Overexpression and Purification
E. coli BL21-DE3 WT SImA ovexpression strain — This Study
harboring pHisTev w / WT | SImA cloned into Ndel / BamHI (CAK 110/
SImA sites SAD 1414)
E. coli BL21-DE3 SImA T31A ovexpression strain— This Study
harboring pHisTev + SImA | vector generated using single (CAK 161/
T31A primer site directed mutagenesis SAD 1436)
E. coli BL21-DE3 SImA E43A ovexpression strain— This Study
harboring pHisTev + SImA | vector generated using single (CAK 162/
E43A primer site directed mutagenesis SAD 1437)
E. coli BL21-DE3 SImA E43K ovexpression strain— This study
harboring pHisTev + SImA | vector generated using single (CAK 268 /
E43K primer site directed mutagenesis SAD 1479)
Strains Used for FLAG Western Blots
AlacZ::Pgmy-GFP, Kan™; CAK 024 parent with SImA WT-3x | This study
SImA WT-3x FLAG; FLAG knocked back in at native (CAK 426 /
SImA WT-3x FLAG ACBP::Spec® Iocusgdeletion of cbp replaced with | SAD 1601)
Spec
AlacZ::Pmp-GFP, Kan™; CAK 024 parent with SImA T31A- This study
SImA T31A-3x SImA T31A-3x FLAG; 3x FLAG knocked back in at native | (CAK 380/
FLAG ACBP::SpecR Iocusgdeletion of cbp replaced with | SAD 1602)
Spec
AlacZ::Pmp-GFP, Kan™; CAK 024 parent with SImA E43A- This study
SImA E43A-3x SImA E43A-3x FLAG; 3x FLAG knocked back in at native | (CAK 382/
FLAG ACBP::Spec® Iocusgdeletion of cbp replaced with | SAD 1603)
Spec
AlacZ::Pmp-GFP, Kan™; CAK 024 parent with SImA E43K- This study
SImA E43K-3x SImA E43K-3x FLAG; 3x FLAG knocked back in at native | (CAK 384 /
FLAG ACBP::SpecR locus; deletion of cbp replaced with | SAD 1604)

Spec®




FLAG; deletion of CBP replaced
with Spec”

AlacZ::Pmp-GFP, Kan™; CAK 024 parent with SImA F63A- This study
SImA F63A-3x SImA F63A-3x FLAG; 3x FLAG knocked back in at native | (CAK 386 /
FLAG ACBP::Spec® Iocusgdeletion of cbp replaced with | SAD 1605)
Spec
AlacZ::Pmp-GFP, Kan™; CAK 024 parent with SImA R71D- | This study
SImA R71D-3x SImA R71D-3x FLAG; 3x FLAG knocked back in at native | (CAK 388/
FLAG ACBP::Spec® Iocusgdeletion of cbp replaced with | SAD 1606)
Spec
AlacZ::Pgmp-GFP, Kan®; CAK 024 parent with SImA R173E- | This study
SImA R173E-3x SImA R173E-3x FLAG; 3x FLAG knocked back in at native | (CAK 390/
FLAG ACBP::SpecR Iocusgdeletion of cbp replaced with | SAD 1607)
Spec
AlacZ::Pmp-GFP, Kan™; CAK 007 parent with a deletion of | This study
AVCA0692::Ptac-ChiS-1x | VCA0692 replaced with a ChiS-1x | (CAK 406 /
FLAG, TmR; . FLAG fusion linked to the IPTG- SAD 1618)
. AChiS::Spec™; inducible P promoter; P,.-ChiS
Ptac-ChiS-FLAG ACBP::Carb® construct is linked to Tm"; deletion
of chiS replaced with SpecR and a
deletion of cbp replaced with
Carb®
AlacZ::Pmp-GFP, Kan™; CAK 007 parent with native ChiS This study
ChiS-FLAG AChiS::ChiRS—1x FLAG; replaced with a ChiS-1x FLAG (CAK 374/
ACBP::Tm fusion; deletion of CBP replaced SAD 1625)
with Tm"®
Strains Used for mCherry assays
AlacZ::P¢up-mCherry, Kan" | A deletion of lacZ replaced with This study
WT Pcnp-mCherry transcriptional fusion | (CAK 346 /
linked to Kan" SAD 1610)
AlacZ::Pcp,-mCherry, CAK 346 parent with a deletion of | This study
Acbp Kan®; ACBP::Spec cbp replaced with SpecR (CAK 347/
SAD 1611)
AlacZ::Pcp,-mCherry, CAK 346 parent with the native This study
SIMA-3x FLAG Kan®; ASImA::SImA—3xR copy of SImA replaced with SImA- | (CAK 358/
FLAG; AVC1807::Spec 3x FLAG,; deletion of VC1807 SAD 1612)
replaced with Spec®
AlacZ::Pn,-mCherry, A deletion of /acZ replaced with This study
Kan"; ASImA::SImA-3x Pcnp-mCherry transcriptional fusion | (CAK 359 /
SImA-3x FLAG FLAG; ACBP::Spec” linked to Kan"; native copy of SAD 1613)
Acbp SImA replaced with SImA-3x

Table S2 — Primers used in this study

Primer Primer Sequence (5°>3’) Description
Name

Primers for SOE Deletions

ABD 796 TTAGAATCTGCGCCAGAAGCG ACBP F1

ABD 797 gtcgacggatccccggaatCATAGCTGTTCCTTACTAGTTGC ACBP R1

ABD 798 gaagcagctccagectacaGTACTGGATCTGAAACCAGTTAAG ACBP F2

ABD 799 GTATTGCGGAATGACCAGCATG ACBP R2

CAH 009 TGATGTTCATGCTCTGCACC ASImA F1

CAH 010 gtcgacggatccccggaatCATGCCCCGTTTTTCCTTTTG ASImA R1

CAH 011 gaagcagctccagectacaATTAAGTGAGTACAATGAGTCAAG ASImA F2




CAH 012 GAAGGCATCGTTGTTAGATTGA ASImA R2

ABD 767 TTAATTTGGATCCCTGCGACACTC AChiS F1

ABD 768 gtcgacggatccccggaatCAAAAAACGTGAGGAGAATGCC AChiS R1

ABD 769 gaagcagctccagectacaTTCTTGAGCATTGCAAAGAAGC AChiS F2

ABD 770 CTGGAACGAATGAAGAAGTCCAG AChiS R2

ABD 927 GCAGAGAAAGGGTATCATTACTGG AVC0995 F1
GcTAATTCAGTTTAAGCGGCCATCTTAAGTTCCCCCTATAG

ABD 928 GATTTTTG AVC0995 R1

ABD 929 ATGGCCGCTTAAACTGAATTAgCACATCAGGTGCTTTAGGC AVC0995 F2
CAATTTG

ABD 930 TACTCTCGTTTTTCGGCTTACTC AVC0995 R2

BBC 081 AAGCAAGTTCACGTTTGCCG

AVC0618-19 F1

BBC 082 gtcgacggatccccggaatCATAACTTACACCTTACTCACCCAG

AVC0618-19 R1

BBC 083 gaagcagctccagcctacaGGAGATAAATAATCATGACTACGCC

AVC0618-19 F2

BBC 084 TAAAGTTCGCAACACGCC

AVC0618-19 R2

BBC 285 TCACTCTGCGTTTCTCATTGG ArpoS F1
BBC 286 gtcgacggatccccggaatCATAGCGGCCTCCCCCTGG ArpoS R1
BBC 287 gaagcagctccagectacaTAATTTTTCCAGACTCATCCAAAAC ArpoS F2
BBC 288 AAAACCCAGACATTCTGCTG ArpoS R2
CAH 050 CTCTAATTCCGGAGAATCATCAG ArpoN F1
CAH 051 gtcgacggatccccggaatCATGCAGTAATGGATGCCTTG ArpoN R1
CAH 052 gaagcagctccagectacaCTATAGGCCTAAACTAGAGAAGG ArpoN F2
CAH 053 GAGAGTCGCTTCAAACATGTTC ArpoN R2
CAH 095 CTGCACGTATTGTTGAACAAGAG ArpoF F1
CAH 096 gtcgacggatccccggaatCATTCAATTCCTCATCATTCTCTG ArpoF R1
CAH 097 gaagcagctccagectacaTGATTTCACATTGCGTAACAGC ArpoF F2
CAH 098 GATCAGGAGCAGTACTATGAC ArpoF R2
CAH 100 CGATATTCGCACCATAGTGC ArpoH F1
CAH 101 gtcgacggatccccggaatGTATTGATCGTATGTAAGCGC ArpoH R1
CAH 102 gaagcagctccagectacaCGGAATGACTAAATATCACTGATC ArpoH F2
CAH 103 CCATGGTAGAGTCAATATCGATC ArpoH R2
CAH 105 GAGATGCGTGAGCATCAGTTC ArpoE F1
CAH 106 gtcgacggatccccggaatCATTCGAGCGGTCACTCCTATTG ArpoE R1
CAH 107 gaagcagctccagectacaCTTCTGTAACGCAAATTCCG ArpoE F2
CAH 108 GAGCAACGCACAGCATCAATC ArpoE R2
BBC 717 AAATAGATTTGGTGACTTTACCTCC AVC1807 F1
tcgacggatccccggaatACGTTTCATTAGTCACCTCTATTGTT
ABD340 | & AgT"[ggTT c 88 AVC1807 R1
ABD 341 ?azéanTcggctccagcctacaTAGTCGAAAATAAAAAAAAGAGGCTC AVC1807 E2
BBC 718 CTTTACGCCTGATTGTCTACAC AVC1807 R2

KanR, SpecR, AmpR, orTm"

ABD 123 ATTCCGGGGATCCGTCGAC cassette F
R R R R
ABD 124 Kan", Spec”, Amp", or Tm
TGTAGGCTGGAGCTGCTTC cassette R

Primers for Colony PCR

ABD 725 GAAGCAGCTCCAGCCTACA

F oligo to detect all SOE
mutants

CAH 023 GGTGATTTCCAGATTGAGTGC

AsImA detect R (401 bp)

BBC 085 AACTTCCCAACCCTTTGG

AVC0618-19 detect R (780 bp)

BBC 289 CAGCTGAGCTTAATTCCTG

ArpoS detect R (225 bp)




CAH 054 GTCGAACCAATTTATCCACC

ArpoN detect R (254 bp)

CAH 099 CGCTAGAGTCAAACTACTTAGAG

ArpoF detect R (176 bp)

CAH 104 CAGGTGCTTCAGTTCTTCGTC

ArpoH detect R (240 bp)

CAH 109 GCTTCCAGCAAGAGGAATGG

ArpoE detect R (447 bp)

R oligo to detect all SImA point

CKP 043 TCACTTAATCTGTGCACTTAGCAG mutants

CKP 045 GAAGGGGCTTCACGCATtg SIMAT31A F (520 bp)
CKP 097 AAGCAAGTTGGCGTGTCCac SImA E43A F (487 bp)
CKP 119 CGCTAAGCAAGTTGGCGTGTCta SImA E43K F (487 bp)

CKP 042 TTTGAAGGCTTAATTGAGgcg

SImA F63A F (420 bp)

CKP 044 GAAGAATCCTTGATGTCGga

SImA R71D F (400 bp)

BBC 895 TTGAATCGCTTTGTGgaa

SImA R173E F (90 bp)

ABD 769 gaagcagctccagectacaTTCTTGAGCATTGCAAAGAAGC

Scrambled SBS detect F

1* conserved SBS site scrambled

CKP 053
GTTTAGCTAGGTTtaaTAGTGTTTctg R
nd N
CKP 054 2 conserved SBS site scrambled
GGTACGGTTTAGCTAGGTTtaa R

ABD 797 gtcgacggatccccggaatCATAGCTGTTCCTTACTAGTTGC

ASBS detect R

CKP 052 AGCCATTATCAAACAAGTAGCTAAACCGTA

ASBS detect F

Primers for Transcriptional Reporter Constructs

ABD332 GGCTGAACGTGGTTGTCGAAAATGAC AlacZ F1 (Up Arm)

BBC19 g?i’{w{?gXEZEGTCGACTGTACAGCGTTTAAATAGAGGTCG AlacZ R1 (Up Arm)

BBC218 CGCTGTACAGTCGACAAAAATAAAC Kan" F (Middle Arm)

BBC262 TACCGAGGACGCGAAGCTG Kan" R (Middle Arm)

BBC266 CAGCTTCGCGTCCTCGGTAGAATAAAGCAATCCGCAAGCG Pchp F (Middle Arm)

BBC267 XFF%((};GGATCCTGTGTGAAATTGAGTTGCTTTCATTTCACTA P.., R (Middle Arm)
CAATTTCACACAGGATCCCGGGAGGAGGTAACGTAATGCG .

BBC252 TAAAGGAGAAGAAC GFP F (Middle Arm)

BBC254 tgtaggctggagetgcttcTTAGTTGTATAGTTCATCCATGCC GFP R (Middle Arm)

ABD255 gaagcagctccagcctacaCCACAATAAGCCAGAGAGCCTTAAG AlacZ F2 (Down Arm)

ABD256 CCCAAATACGGCAACTTGGCG AlacZ R2 (Down Arm)

BBC817 ttgagtaagtgagcgctcacttactataatgtgtgg AATTGTGAGCGGAT | Synthetic SBS-GFP DNA biding
AACAATTTCA reporter F2

BBC821 ccacacattatagtaagtgagcgctcacttactcaaCTCATTAGGCACCC | Synthetic SBS-GFP DNA biding
CAGGC reporter R1

CKP210 TGACCATTTAGAGATGCTAGGTTTGTTAGTGTTTACTTAC | Py 612-724 lacZ swap R1

CKP212 ACATTCCTGTACCGAACGGGAATTGCAATTGATAAATTTC | Poyp 612-724 lacZ swap F2

CKP213 ACTAACAAACCTAGCATCTCTAAATGGTCAGTGGCG 112 bp lacZ intergenic F

CKP215 AATTGCAATTCCCGTTCGGTACAGGAATGTGCGCCCAAG 112 bp lacZ intergenic R

Primers for SImA Mutants

GAAGGGGCTTCACGCATCgCgACCGCAAAACTCGCTAAGCA

CKP 040 AG SIMAT31A F2
CKP 041 GCGAGTTTTGCGGTcGcGATGCGTGAAGCCCCTTCATTG SImMAT31AR1
CKP 095 TGGCGTGTCCGcAGCCGCGCTGTATCGCCATTTCCCGAGC SImA E43A F2
CKP 096 TGGCGATACAGCGCGGCTgCGGACACGCCAACTTGCTTAG SImA E43AR1
CKP 117 TGGCGTGTCCaAAGCCGCGCTGTATCGCCATTTCCCGAGC SImA E43K F2
CKP 118 TGGCGATACAGCGCGGCTTtGGACACGCCAACTTGCTTAG SImA E43K R1
CKP 036 TGAAGGCTTAATTGAGgcgATTGAAGAATCCTTGATGTCG SImA F63A F2
CKP 037 AGGATTCTTCAATcgcCTCAATTAAGCCTTCAAACATACG SImA F63A R1




CKP 038 GAATCCTTGATGTCGgaTATCAACCGCATCTTTGATGAAG SImA R71D F2
CKP 039 GATGCGGTTGATAtcCGACATCAAGGATTCTTCAAT SImA R71D R1
BBC 894 gggAGTTTGAATCGCTTTGTGgaaTCTGATTTCAAATATCT SImA R173E F2
BBC 893 gggAGATATTTGAAATCAGAttcCACAAAGCGATTCAAACT SImA R173E R1
CAH0009 TGATGTTCATGCTCTGCACC Replace Vc simA with Ec simA F1
BBC768 GCCCCGTTTTTCCTTTTGG Replace Vc sImA with Ec simA R1
BBCTT0 Replace Vc simA with Ec siImA
ccaaaaggaaaaacggggcATGGCAGAAAAACAAACTGC (middle) F
gctgtatttatcttgactcattgtacTTcAtTGtAACTGTGCCGCAATTA | Replace Vc simA with Ec simA
BBC771 .
G (middle) R
BBC769 GTACAATGAGTCAAGATAAATACAGC Replace Vc simA with Ec sImA F2
CAH0012 GAAGGCATCGTTGTTAGATTGA Replace Vc sImA with Ec sImA R2

Primers for P.,, Modifications

CKP 102 gtaagtgagcgctcacttacCTAGCTAAACCGTACCCGTTTTG Peyp E. coli SBS F

CKP 101 gtaagtgagcgctcacttacTTATTTGGCCTTGTTTGATAATGG Peyp E. coli SBS R
ATTATCAAACAAGGCCAAATAAGTAcagAAACACTAttaAAC

CKP 049 CTAGCTAAACCGTACCCG Pcn» Scrambled SBS F
GGGTACGGTTTAGCTAGGTTtaaTAGTGTTTctgTACTTATT

CKP 048 TGGCCTTGTTTGATAATG Pcn» Scrambled SBS R

BBC 266 CAGCTTCGCGTCCTCGGTAGAATAAAGCAATCCGCAAGCG Py P1 only and P1+P2 F

BBC 609 cccgggatcctgtgtgaaattgCCTAGCGGCAATTCAAGTTGC P.n P1 only R

BBC 608 EccgggatcCtgtgtgaaatthTGAGTTATATTTGCGAGATCTCG P.,, P1+P2 R

P.np P2 only, P2+SBS, P2+SBS

BBC 606 more space, P2+P3, P3 only more
cagcttcgcgtectcggtaGAGATTGCGAAGGGAGTCAC space, Ahairpin F

CKP 001 cccgggatcctgtgtgaaattgCTTATTTGGCCTTGTTTGATAATG | Pews P2 only R

CKP 071 cccgggatcctgtgtgaaattgGTGATTCAACTCGCAAAACGGG Py P2+SBS R
cccgggatcctgtgtgaaattgCTTTGGCAGGAGTAAGAAAACACC | Peny P2+SBS more space and

CKP 072 . .
TAG P2+P3 internal region R

BBC 267 CCCGGGATCCTGTGTGAAATTGAGTTGCTTTCATTTCACTA P.,, P2+P3 and P3 only R
ATGG

CKP 073 P.p P2+P3 internal region and P3
cagcttcgegtectcggtaCAGGCTAGTGAGCGAGATCT only more space F

BBC 607 cagcttcgcgtectcggtaTACAGGCCACTCATGACTCC Pcwn P3 only F

CKP 084 cccgggatcctgtgtgaaattgGACCTACCTCATCACTTTTACCC P.wp Ahairpin R
AACAAGGCCAAAGTAAGTAAACACTAACAAACtaaCTAGCT

CKP 106 AAACCGTACCCG Peny -3 SBS F

CKP 105 ttagtttgttagtgtttacttacTTTGGCCTTGTTTGATAATGGC Penb -3 SBS R
GCCAAATAActaGTAAGTAAACACTAACAAACGCTAAACCG

CKP 108 TACCCGTTTTG Pcwy +3 SBS F
AGCGTTTGTTAGTGTTTACTTACtagTTATTTGGCCTTGTT

CKP 107 TGATAATGG Pcww +3 SBS R
GGCCAGTAAGTAAACACTAACAAACaataaCTAGCTAAACCG

CKP 104 TACCCGTTTTG Pcny -5 SBS F
GCTAGttattGTTTGTTAGTGTTTACTTACTGGCCTTGTTTGA

CKP 103 TAATGGC Pey -5 SBSR

CKP 110 GGCCAAATAACctagcGTAAGTAAACACTAACAAACTAAACCG P.y, +5 SBS F

TACCCGTTTTGCG




GGTTTAGTTTGTTAGTGTTTACTTACgctagTTATTTGGCCT

CKP 109 TGTTTGATAATGG Pcy +5 SBS R
CKP 136 ggé\é\GTAAACACTAACAAACccaaataaCTAGCTAAACCGTA P.., -8 SBS F
CKP 135 Ecg‘f;égrgfggchTTAGTGTTTACTTACCCTTGTTTGATAATG P.., -8 SBS R
CKP 138 Etggcct;%(éggﬁ(éTAAACACTAACAAACACCGTACCCGTTTTG P.., +8 SBS F
CKP 137 ggz;i;l;’rll‘é((};'gGTTTACTTACttagctagTTATTTGGCCTTGTT P.., +8 SBS R
CKP 132 g'gé\é\gTAAACACTAACAAACgccaaataaCTAGCTAAACCGT P.., -0 SBS F
CKP 131 Ecé"}tégrg;';}gggGTTAGTGTTTACTTACCTTGTTTGATAATG P.., 9 SBS R
CKP 134 Etgicct;%aci&/}éGTAAACACTAACAAACCCGTACCCGTTTTG P, +9 SBS F
CKP 133 gig};gz’gﬁgggTTTACTTACtttagctagTTATTTGGCCTTGT P.., +9 SBS R
BBC 968 égzéggmggér?Z??ggAAACACTAACAAAngccaaataa P.., 10 SBS F
BBC 967 gzﬁiggéggi‘g;gf;E%TTTGTTAGTGTTTACTTACTTGTTT P.., -10 SBS R
BBC 966 gggé?%’l“?éccgfé?;écGTAAGTAAACACTAACAAACCGTA P.., +10 SBS F
BBC 965 gggg?ygggg;gg?gﬁggGTTTACTTACgtttagctagTTATTT P.., +10 SBS R
CKP 128 %’gé\é\ggAAACACTAACAAACaggccaaataaCTAGCTAAACCG P.., -11 SBS F
CKP 127 ‘gcr?tct;ngrF(c;tc(zTTTGTTAGTGTTTACTTACTGTTTGATAATGG P.., -11 SBS R
CKP 130 Etggcct;%acchGiéAGTAAACACTAACAAACGTACCCGTTTTG P, +11 SBS F
CKP 129 gi¥gg¥};ﬁg’gggTTACTTAngtttagctagTTATTTGGCCTTG P.., +11 SBS R
CKP 124 giﬁé\g'cl‘é\AACACTAACAAACaaggccaaataaCTAGCTAAACC P, 12 SBS F
CKP 123 :cl:cgtTt;grgé(c:tctGTTTGTTAGTGTTTACTTACGTTTGATAATGGC P.., -12 SBS R
CKP 126 é'czg%tiéa:X%CéTAAGTAAACACTAACAAACTACCCGTTTTGC P, +12 SBS F
CKP 125 GTTTGTTAGTGTTTACTTACcggtttagctagTTATTTGGCCTT P.., +12 SBS R

GTTTGATAATGGC

Primers for Overexpression Constructs

caatttcacacaggatcccgggAGGAGGTaacgtaATGGCCGGCAAT

BBC 772 AAAAAAATC Piac-SIMA F

BBC 773 tgtaggctggagctgcttcTCACTTAATCTGTGCACTTAGC Piac-SIMA R
caatttcacacaggatcccgggAGGAGGTaacgtaATGTTTAGGTTC :

BBC 1236 TATCGAAAAgCgAA 888 g Peac-ChiS F

BBC 577 tgtaggctggagctgcttcTTATTCACTGGTCAGGAGTTTTTGC Piac-ChiS R

CKP 224 tgtaggctggagctgettcTTAtttgtcatcgtcatccttataate Piac ChiS FLAG tag R

CKP 225 tgtaggctggagctgcttcTCACT Ttttgtcatcgtcatc Piac SIMA FLAG tag R

Primers for Vector Cloning

CKP 046

| tatatatacatATGGCCGGCAATAAAAAAAT

SImA Ndel F




CKP 047 tatatataggatccTCACTTAATCTGTGCA SImA BamHI R

CKP 076 tatatagaattcaggaggtaacgtaATGGCCGGCAATAAAAAAATC SImA EcoRI F

Primers for EMSA Probes

BBC 744 cagcttcgegtectcggtaCGCAAATATAACTCAGGCAAAG Pcny SBS F

CKP 072 rcrc‘:gggatcCtgtgtgaaatthTTTGGCAGGAGTAAGAAAACACC P.,, SBS R

BBC 928 CAAATATATCCTCCTCACTATTTTG Ec SBS Repression Reporter F
BBC 929 AACATCACCATCTAATTCAACAAG Ec SBS Repression Reporter R
ABD 009 TATATGCCTTTAGGCATTAACTGTACTTCCGTC Prant F

ABD 010 TGAAGTCATCTTGATTGACAAGTCTCCATCGAATG Prany R

Primers for qRT PCR

BBC 989 GCATCTAGGTTTTGACGTTTTTAACG Uninduced transcript F
BBC 990 AACACTCTCCAAGACCTACCTC Uninduced transcript R
BBC 918 AGTAATCGCAGCAGCAACCAG Induced transcript F
BBC 919 GGTTCATAGATAAAGTCGGTGGTTG Induced transcript R
ABD 132 CTGTCTCAAGCCGGTTACAA rpoB F

ABD 133 TTTCTACCAGTGCAGAGATGC rpoB R

Primers for 5’ RACE

BBC969

GATTACGCCAAGCTTCTGGTAACCCACTTGTTGATACCACG

GSP1 —for Py, 5" RACE

BBC970

GATTACGCCAAGCTTAGCAGGCCGAAAGAGTAAACCACG

NGSP1 —for P, 5" RACE

Primers for FLAG Tag Fusions

ggtgactacaaggatcacgacattgattataaggatgacgatgacaaaAAGT

CKP220 | GAGTACAATGAGTCAAGATAAATACA SIMA-3XFLAG F
ataatcaatgtcgtgatccttgtagtcaccatcatggtctttataatcAATCTGT )

CKP 221 GCACTTAGCAGCG SImA-3x FLAG R

CKP 237 gXE};AAgattataaggatgacgatgacaaaTAAAGCAATCCGCAAGC ChiS-1x FLAG F

CKP 238 CTTTAtttgtcatcgtcatccttataatcTTCACTGGTCAGGAGTTTT ChiS-1x FLAG R

TG
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